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SUMMARY

Ten silicon integrated-microcircuit types representing four of

the more recent developments - digital micropower circuits, digital

dielectrically isolated circuits, digital MOS circuits, and amplifier

circuits - were exposed to electron radiation until failure. Electrons

with energies of 3 Mev were used for all device exposures except the

MOS digital circuitry, which was exposed to 1.5 Mev electrons. The

fluence at which first failures occurred varied from <5 x I0 II e/cm 2

to 6 x 1013 e/cm 2 for the amplifiers, 8 x 1014 e/cm 2 to 1.45 x 1015 e/cm 2

for the micropower circuits, <1.2 x i0 II e/cm 2 to <2.5 x 1012 e/cm 2

for the MOS circuits, and 4.15 x 1014 e/cm 2 to 3.94 x 1015 e/cm 2 for

the dielectrically isolated circuits. Failure was defined as exceeding

the manufacturer's specified parameter limits. Each microcircuit type was

represented by four test groups, each containing five circuits. One test

group was maintained as a control. The other three were irradiated under

different electrical conditions: dynamic, worst-case a-c operation, worst-

case static operation, and nonenergized except for periodic pulsed measurements.

The over-all purpose of this program was to determine

(i) Whether or not any class of microcircuits is inherently

superior to others in the radiation environments

(2) What, if any, steps the system designer can take to prolong

the useful life of the microcircuits in the radiation

environment.

(3) What effect the electrical condition of the microcircuits

during irradiation has on the radiatlon-lnduced degradation.
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(4) What component changes are the responsible mechanisms

for device parametric changes, and what steps can be

taken by the fabricator to improve microcircuit radiation

resistance.

The results of the experiment are discussed below.

Effects Versus Microcircuit Class

This study has demonstrated that the predominant mechanism of

microcircuit failure is the decrease of transistor gain or changes in

gate threshold voltage. The mode of failure for digital circuits is not

necessarily an increase in saturation voltage of one or more transistors

at the output of the microcircuit. The MOS digital circuits can have

failures caused by a decrease in the logical "one" voltage. This decrease

appears to occur as a result of increased drain-leakage current. The mode

of failure for the amplifiers was attributed to three basic parameter

changes: decreased gain, increased input bias current, and increased

offset voltage. Any one of the above parameter changes can be the predominant

cause of failure, depending upon the specific circuit configuration.

The results of this program indicate that the present MOS digital

circuits exceed the circuit specifications at lower radiation exposures than

the other three classes studied. The amplifier circuits also appear to have

inherent traits resulting from matching and balancing components which will

make them less radiation resistant than the better digital circuits, but

generally better than the present MOS circuits. Data pertaining to the

remaining classes, micropower and dielectrically isolated circuits, were



iv

not sufficient to generally rate the radiation resistance of the classes

except to indicate that they are as resistant or more resistant to

radiation than the amplifier circuits. The analysis indicates that

the construction of the transistor and the tolerance of the microcircuit

design to transistor gain or gate threshold degradation or small changes

in leakage current are of great significance to the radiation response of

the microcircuit.

Extrinsic Design Considerations

In the majority of cases, a reduction in permissible fan-out

will increase the longevity of the digital microcircuits in a steady-

state radiation environment. However, for M0S digital circuitry this

is not necessarily the case. A decrease in the logical "one" output

level can result in failure before that attributed to a "zero" level

increase. The decrease in the "one" level appears to be a direct result

of drain leakage and is not necessarily affected to any great extent

by the magnitude of the load.

Also for the digital M0S circuitry, the input threshold voltages

increase substantially as the output low-level voltages increase. Hence

some degree of compensation is possible, but provision must be made at the

subsystem interfaces to accept the changed logic levels. This step may

require a reduction in noise margin and involve environmental and design

tradeoffs.

Several design considerations can be incorporated in amplifier

circuitry to help reduce the effects of radiation

(i) Choose a feedback network that has sufficiently low

resistance to swamp the expected increase in leakage current.
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(2) Use balanced low-input resistances to ground to reduce

leakage-current effects.

(3) Since the input offset voltage is also likely to increase,

a-c coupling should be employed for cascaded amplifier

stages.

Effects of Electrical Condition

In some of the circuit types, no statistically significant

differences were observed among the irradiated test groups. The differences

were masked somewhat by the high variability resulting from small sample

size. The differences which were noted, however, appeared to depend on the

sensitivity of the circuit and the type of damage causing the failures.

That is, the circuits that appeared to be failing from surface damage

showed less degradation for the unbiased units than for the biased units.

However, the circuits that appeared to have some damage due to bulk effects

seem to show more degradation for the nonenergized circuits than for

the energized circuits. Nelson and Sweet (1) , working on this general

problem, have developed a model to help explain this effect. It is not

apparent, however, that their solution can completely account for the

observed changes.

Observing the changes in pulsed measurements during and immediately

after exposure indicated no excessive temporary changes.

(i) Nelson, D. L. and Sweet, R. J., "Mechanisms of lonization Radiation

Surface Effects on Transistors", IEEE Annual Conference on Nuclear and

Space Radiation Effects, Palo Alto, California (July 18-22), work

performed under contract number NAS8-20-135.
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Intrinsic Desig n Considerations

The point of failure for all categories of circuits has centered

around the transistors. Whether it was transistors operating at very low

current levels with leakage currents becoming an appreciable part of the

current being controlled, or whether failures were due to increased gate

threshold voltage or decreased gain resulting from surface or bulk damage,

the problem device is the transistor.

The failure of the _A709 was an increase in input offset voltage

due possibly to an unbalance of input leakage current through the input

transistors. On the other hand, the SE5ObG and A13251 failed due to a

decrease in amplifier or transistor gain. The micropower circuits PL987

and WSII3Q failed due to an increase in output transistor saturation

voltage and decreased gain. The MOS circuits 7532, 7531, and _M400 generally

failed as a result of increased threshold voltage. The dielectrically

isolated circuits RD210 and EPIC-DTL experienced failures due to increased

output saturation voltage and decreased output transistor gain. These

results are not new and were generally expected.

It appears as though a significant improvement could be obtained

by the fabricator of minority carrier devices by increasing transitor fT and

widening circuit margins with respect to transistor gain. The majority

carrier devices and several of the minority carrier devices apparently

degraded due to surface damage. The surface problem is not well understood and

needs a great deal of research. Surface problems, however, can be suppressed

somewhat by techniques which have been discussed in the open literature and

are well known by the manufacturers.
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In circuitry which will have transistors operating at low

power levels, consideration should be given to the effects of increased

leakage currents. Adjusting for increased leakage may require an adjust-

ment of allowed operating margins and/or a redesign to include compensating

circuitry.
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INTRODUCTION

The increasingly demanding performance and reliability require-

ments for space-flight systems makes it imperative that designers use the

most effective and reliable circuitry available. Component selection for

space programs, however, must be made with due regard to the behavior of

the components under their intended operating environment. Of particular

importance is the radiation environment of space.

The use of silicon integrated microcircuits in electronic design

offers many potential advantages. Included among these are small size

and low weight, intrinsically high reliability, good performance, and

low cost. Under contract with the Goddard Space Flight Center (NAS5-3985)

from June, 1964, to September 1965, Battelle studied the effects of electron

radiation on several digital microcircuit types representative of the

prevalent technology. Since the initiation of that study, developments

in the silicon integrated technology have progressed rapidly. Commercial

analog microcircuits have demonstrated capabilities to effectively perform

many linear system functions. In the digital area, newly developed

fabrication techniques have been applied successfully to realize improved

performance with respect to power consumption, operating frequency, and

electrical isolation.

In order for NASA to accumulate and maintain the required

information upon which to base its decisions for microcircuit utilization

and/or microcircuit improvement efforts, it is necessary that experimental

radiation-effects data be obtained for these current microcircuit developments

in both analog and digital areas. As a result, the current program
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(NAS5-9630)was initiated with the purpose of classifying four classes of

integrated circuits according to their electron-radiation susceptibility.

Three classes of integrated circuits, digital micropower circuits,

digital dielectrically isolated circuits, and amplifier circuits, were

exposed to S Mev electrons. The fourth class, digital MOScircuits, was

exposed to 1.5 Mevelectrons. There were 20 devices of each of ten circuit

types representing eight manufacturers. The specific objectives of this

program were to evaluate the performance of the devices as a function of

radiation exposure by (i) characterizing the microcircuits with respect

to critical parameters that determine their performance in systems applica-

tions and that can be readily correlated with fundamental device parameters,

(2) irradiating the devices in an electron environment with appropriate

measurementsbeing madeduring the radiation exposure, (3) repeating the

initial characterization measurements,and (4) analyzing the data obtained

in an appropriate manner.

TECHNICAL DISCUSSION

General

The over-all program plan illustrated in Figure 1 was followed

in evaluating the microcircuits. Of primary importance in the evaluation

of these devices in the radiation environment is the initial and final

electrical characterization. The nature and the extent of this characteri-

zation is discussed in detail in the section entitled "Characterization".

Since it is of interest to determine both the mode of interaction

between the incident radiation and the microcircuits and the duration and

degree of permanency of any deleterious effects that occur, it was
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desirable to monitor the electrical characteristics of the microcircuits

while under, and immediately after, radiation exposure. The inability

to manipulate the microcircuits during the relatively short irradiation

period made it necessary to limit the measurements to a few selected

parameters that would be most indicative of the electrical conditions

of the microcircuits. To accomplish this objective, the 20 devices of

each type were grouped in the following manner: 5 devices were held

as control samples (not irradiated), 5 devices were irradiated but not

operated (except periodically, when a short 8 _ second bias pulse was

applied in order to take a measurement), and I0 devices were irradiated

in an operating condition (such as a part of a counter or oscillator, or

in an amplifier chain). The electrical characteristics which were monitored

during irradiation were the output levels and frequency of oscillation

or counts. A detailed discussion of the monitoring during irradiation

is presented in the section entitled, "Monitoring and Test Configurations

During Irradiation". Postlrradlation observation of the operating devices

was continued until the parameter drift was no longer pronounced. The

operating devices were then disconnected and the unbiased samples connected

to the statically operated devlce-monitorlng equipment. This postirradiatlon

observation of the unbiased circuits operating in the static configuration

was continued until the parameter drift was no longer pronounced or for

about 15 minutes. All devices then underwent a postcharacterlzatlon

similar to the initial one.

As shown in Figure I, the results of the characterization

measurements and the test-conflguratlon observations were analyzed in
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order to reach conclusions regarding the relative performance under radiation

of the several classes of microcircuits considered. The final products

of these last steps appear in the sections entitled "Analysis of Data"

and "Conclusions and Recommendations".

Selection of Microcircuits

The microcircuits to be evaluated in this program (shown in

Table i) were linear amplifiers and advanced digital types. Of interest

in the latter types are digital functions distinguished by their methods

of construction (dielectric isolation or use of MOS active elements)

or by their power consumption. The selection of these classes of devices

for this program was based on the individual merits of each class and

NASA's needs.

Amplifier Circuits

The amplifier microcircuit classification was selected because

it was felt to be an area which would be readily used once a variety of

devices were commercially available. It was also felt that this class might

be sensitive to space radiation because of the design criticality of the

amplifier's circuitry. It might be expected that changes in the delicate

input balance conditions could disrupt the device operation at relatively

low electron fluences causing a system malfunction.

Micropower Circuits

The selection of micropower digital circuitry is a desirable

choice from two standpoints. With reduced power requirements one can

either increase the number 09 complexity of the electronic functions
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TABLEi. DEVICESUSEDIN PROGRAM

Circuit Type Mfg. Code No. a Function

Analog Silicon Integrated Circuits

_A709 Fairchild A-7 Op Amplifier

A13251 Amelco H-I Op Amplifier

SE505G Signetics C-3 Dif Amplifier

Micropower Digital Integrated Circuits b

PL987 Philco I-I T2L Gate

WSII3Q Westinghouse J-4 Flip-flop

MOS Integrated Circuits

7532 General Instrument K-I Gate

7531(MEM529) General Instrument K-2 Flip-flop

M400 Fairchild A-8 Transistors c

Digital Dielectrlcally Isolated Integrated Circuits

RD 210 Radiation Inc. G-I

EPIC DTL Motorola B-3D

MC962 Motorola B-3M

DTL-Gate

DTL-Gate

Monolithic DTL-Gate d

a - Code number used to identify circuit types in all appendixes of this

report

b - Circuits with less than 500 microwatts average power drain per gate elements

c - The package contained 5 MOS transistors. These were externally connected

to form a gate. The _M400 is now sold by the number _M-3400.

d - Observed by mistake.
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performed on a space mission with the sameamount of allowed power, or

decrease the payload by decreasing required power storage and collection

elements. Either choice results in a more efficient use of the available

space-program funds.

MOS Circuits

The selection of MOS active element digital circuitry is a logical

extension after choosing micropower devices. MOS devices with their very

low current requirements can function, if desired, at very low power levels.

With the use of MOS FET's in the digital circuitry the circuitry has much

higher noise margin. The exclusive use of MOS FET elements in the digital

circuitry eliminates the problem of manufacturing high resistances (N 100k)

either by thln-film or diffusion techniques, a problem which has hindered

the development of diffused micropower circuitry. In MOS digital circuitry,

resistances are achieved by biasing an MOS device to an operating point

which gives the desired resistance value. Of course, by changing the operating

point, the resistance value changes and this value can be adjusted for the

optimum circuit operation. Even though the MOS devices appear to have

several desirable features for use in space applications, currently

available devices have one apparent shortcoming: limited radiation resistance.

Extensive programs (2) examining discrete MOS FET's indicate that they

(2) Wannemaker, Harry E., "Gamma, Electron, and Proton Radiation Exposures

of P-channel, Enahncement, Metal Oxide Semiconductor, Field Effect

Transistors", Goddard Space Flight Center, Greenbelt, Maryland, X-716-

65-351, (August , 1965).

Gordon, Frederick, and Wannamaker, Harry E., "The Effects of Space

Radiation on MOSFET Devices and Some Application Implications of Those

Effects", Paper presented at IEEE Annual Conference on Nuclear and Space

Radiation Effects, Palo Alto, California (July 18-22, 1966).
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strongly degraded at a relatively low radiation fluence, _i012 e/cm2. As

a result one would also expect the MOSdigital circuitry to fail at relatively

low electron exposures. Hence these devices if used in a space system may

be the point of first failure for the system.

Dielectric Isolation

The dielectric isolation of digital circuitry offers possibly a

better and more versatile method for obtaining electrical isolation than

the diffused-Junction approach in monolithic integrated circuits. Some of

the electronic features of dielectric isolation in comparison with diffused-

junction isolation are

(i) Approximately i0:I improvement in element-to-element

capacitance enhancing the possibility of higher-speed

devices

(2) Capacitance value independent of applied voltage

(3) Approximately i000:i improvement in element-to-element

leakage current

(4) About 20:1 improvement in element-to-element breakdown

voltage

(5) Selective gold-doping is practical for control of minority-

carrier lifetime.

The circuit configuration (i.e., RTL, DTL, etc.) was not considered

in the decision on the digital-device types since the preceding research

program (3) indicated no evidence that any logic configuration was inherently

superior to another.

(3) NASA Contract Number NAS5-3985, "A Study of the Effects of Space Radiation

on Silicon Integrated Microcircuits". (June 26, 1964 - September 26, 1966)
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The final selection, however, was constrained by the fact that

most part types of interest were either not yet commercially available or

could be obtained in only limited numbers. As a result of this constraint,

the cooperation of the circuit manufacturers was necessary.

Test Groups

As indicated in the introduction 20 devices were obtained for each

circuit type studied. After initial characterization, each set of 20 devices

was randomly divided into four subsets of five devices each. One subset

contained the control units, which were not irradiated. The control samples

served as a check on the reproducibility of the measurement conditions and

as a reference for any change in the device type.

A second subset was the dynamic test group. The dynamic test

group of digital circuits was irradiated either in an oscillator or counter

configuration, depending on the device type. The dynamic test group for

amplifiers consisted of cascading five amplifiers with closed loop gains

of i00 and i00:i dividers on each amplifier output except on the last

amplifier of the chain. A nonsaturating sinusoidal signal was fed into

the first device in the series.

A third subset called the static test group was irradiated in a

test configuration for the digital circuits that permitted both the "on"

and "off" output states to be observed during irradiation. The amplifiers

had closed-loop gains of about i00 and four d-c output levels were observed

during the exposure.

The fourth subset, the nonenergized test group, was irradiated

without bias. However, periodically a pulsed measurement of short duration

( _8 _ seconds) was made on the devices. The module numbers included in each

grouping are shown at the bottom of each raw data sheet.
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Characterization

The characterization serves two purposes:

(i) To determine, for design and application use, the pertinent

changes in device parameters due to the radiation

(2) To determine the effects of radiation on the individual

components by means of terminal measurements.

The plans for the characterization were developed in three parts.

The first part consists of a schematic of the circuit (Figure 2), general

test conditions, the tests to be performed, and comments of a general

nature. The second part consists of a general view of the individual tests,

as represented by Figures 3 and 4 for gates, Figures 5 and 6 for flip-flops,

and Figures 7 and 8 for amplifiers. The third part consists of the detailed

test plans and data. All three parts of the characterization plans are

presented in Appendixes I and III, Volume II.

Problems During Characterization

Delivery of parts on schedule was a major problem during the

initial characterization period. Parts were arriving up until it was time

for the irradiation. In some cases a few of the received parts were very

marginal with respect to the specification as decided by Battelle and the

manufacturer. The marginal parts were returned in exchange for other parts.

It is felt that these problems have arisen from trying to do the work with

devices which in some cases were primarily developmental. Another small

problem area was the extra care needed in handling of the MOS digital-circuit

measurements. Also, some measurement problems occurred with the amplifiers,
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TEST PLAN for RD210

(14) VCC

IN1.8K_

O

OUTPUT

/--o

(7)

GND

TEST CONDITIONS

i. Pin 14 - 5.0 Volts

2. Pin 7 - ground

3. Temperature 77 F

TEST PARAMETERS

I. Input Voltage Levels (Vmi n one and Vma x zero )

2. Input Drive Current

3. Input Leakage Current

4. Output Drive Current Capability

5. Transient Parameters

6. Forward Diode Voltage

7. Resistance

8. Circuit Gain

9. Output Saturation Voltage

FIGUAE 2. TYPICAL CIKCUIT SCHEMATIC
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CHARACTERIZATION PLAN (GATES)

CIRCUIT TYPE: RD210

BASIC CONDITIONS NOTES

Vcc = 5.0 volts on pin 14

Temperature 77 F

Ground pin 7

V . = 4.0 volts
mln one

V = 0.400 volts
max zero

PARAMETER

APP.

TEST

V .

mln one

CONDITIONS

With a fanout of 1 and 8

If
max zero

With a fanout of 1 and 8

o

Z

_u

o

i

Drive

Current

Requirement

Input grounded through milliammeter

output pullup resistor = 1.8K ohms.

Leakage

Current

Apply 5.0 volts to pin 1 and ground pin

3 through a _ammeter.

Drive

Current

Capability

Leakage

Current

Rise, Fall,

Storage, and

Delay Times

Apply 4 volts to all inputs. A variable

resistor from Vcc to output is reduced

until output volt is 0.400 volts. Record

output current at this point.

Does not apply

Output with a pull-up resistor of 1.8K ohms.

FIGURE 3. CHARACTERIZATION PLAN (GATES-SHEET i)
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CIRCUIT TYPE: RD210

IAPP.
PARAmeTER TEST

Forward Diode
6

Voltage

CONDITIONS

Adjust the current through the input diode to

2.6 ma and record the voltage.

Resistance 7 The resistance between pins 3 and 14

Circuit gain 8

Once test 7 is performed the current into the

base of the output transistor can be adjusted.

With the collector voltage at 0.50V determine

circuit gain.

Output Saturation
9

Voltage

Load output to V adjust load until there is

an output curren_Cof 22 ma. Measure VSA T.

!

l

ENGINEER R. K. Thatcher

REVISIONS:

DATE 10/28/65

FIGURE 4. CI_RACTERIZATION PLAN (GATES-SHEET 2)
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CllARACTERIZATION PIAN (FLIP-FLOPS)

CIRCUIT TYPE WSII3

BASIC CONDITIONS NOTES

Temperature 77 F

Vcc = 3.0 volts on Pin 6

Ground on Pin I

Pin 5 open

STANDARD CLOCK PULSE: WIDTH,. l_sec

REP. RATE, 500 KC ; AMPLITUDE_ 2.5 volts

V = 0.5 volt
max zero

V = 2.5 volt
min one

PARAF_TER
APP

DIRECT SET-

RESET INPUT

THRESHOLD

CONDITIONS

Increase the direct set and reset voltage levels

until output changes from high to low state.

DIRECT SET-

RESET INPUT

DRIVING CURRENT

Read current when direct set and reset voltage

levels are 2.5 volts.

V-4

H

O

O_

Z

DIRECT SET-

RESET INPUT

LEAKAGE CURRENT

CLOCKED SET-

RESET INPUT

THRESHOLD

CLOCKED SET-

RESET INPUT

DRIVING CURRENT

Not Performed

Apply standard clock pulse -- Increase clocked set

and reset input voltage levels until output

changes state. No load.

Read current when clocked set and reset voltage

levels are 2.5 volts.

CLOCKED SET-

RESET INPUT

LEAKAGE CURRENT

Read current when clocked set and reset voltage

levels are 0.5 volts.

MINI_FU_I PULSE

WIDTH AND

llelCllT (CLOCK

PULSE)

Start with standard clock pulse -- vary width and

height independently. With the device connected

as a counter locate minimum pulse width and height

required for proper operation.

FIGURE 5. CHARACTERIZATION PLAN (FLIP-FLOPS-SHEET i)
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CIRCUIT TYPE WS]I3

U
H

<

o
P4

z

[--t

I

.,<

E

ENGINEER :

PAIUkMETERS

O_rPUT ONE
VOLTAGE FOR

Q AND Q

DRIVING CURRENT

LOADED TO GROUND

FOR

Q AND

DRIVING CURRENT

LOADED TO + SUPPLY

FOR

Q AND Q

RISE, FALL,

STORAGE, AND

DELAY TIMES

FOR

QANDQ

lAPPTEST I

6

7

I

8

CONDITIONS

I No load

Decrease load resistance until output voltage

reaches 2.5 volts.

No measurement

Connect for binary counter - No load.

VSAT 9 Apply 2.5 volts to Pin 2 and read the voltage

at Pin 4.

Power Supply Current I0

i

Connect an electrometer between Pin 1 and ground.

Adjust Vcc to compensate for voltage drop across

the electrometer.

R. K. Thatcher DATE: 12/13/65

FIGURE 6. CHARACTERIZATION PLAN (FLIP-FLOPS-SHEET 2)
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C_h_RACTERIZATION PLAN (AMPLIFIER)

A13251
CIRCUIT TYPE:

BASIC CO._q)IT IONS
i

IPin 12 - 12 volts
Pin 5 - ground
Pin 6 - -12

Temperature - 77 F
!

H
II
r_

Eq

PAR_V_TER

Circuit Gain

iTAPP
EST - CONDITIONS

1

Apply a 5 vpp signal through a 20 K and 2.2 ohm

divider into amplifier.

Record peak-peak output signal. Open loop.

Dynamic Output

Bandwidth

Increase input signal until output signal goes

into saturation record both positive and

negative saturation levels. Open loop.

Frequency at which amplifier output drops off

3 db. Open loop.

Input Common Mode

Rejection Ratio

Amplifier tied down to a gain of I00.

signal was 1.0 kc and 1.0 volts rms.

Input

Input Bias Current 4 Input to ground-open loop configuration

Input Offset Voltage

Resistance

Set up open loop; adjust input voltage until

zero volts appears at the output. The voltage

applied to the input is the offset voltage.

Resistance between Pins 6 and 8. Also

resistance between Pins 1 and 12.

FIGURE 7. CHARACTERIZATION PLAN (AMPLIFIERS-SHEET I)
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CIRCUITTYPE: A13-251

!
i

PA_TER

NPN Transistor

D-C Beta

PNP Transistor

D-C Beta

TEST CONDITIONS

A i milliampere collector current is set and

the base current is measured.

A i milliampere collect current is set and the

base current is measured.

//
REVISIONS :

DATE /$J/2_-/_ 5-

FIGURE 8. CHARACTERIZATION PLAN (AMPLIFIERS-SHEET 2)
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which, because of their sensitive nature, required special measurement

procedures. Permanent test set-ups, for example, had to be constructed.

In two cases devices were inadvertently destroyed: In the

7531(MEM529) devices, all characterization had been completed and devices

were being prepared for mounting on the test boards when it was discovered

that six of them had become defective. How this occurred has never been

discovered. All handling, storage, and operating precautions were observed.

The other case, Motorola EPIC DTL devices, occurred after the devices

were mounted on the test board. The static and dynamic circuits were

being checked out when excess voltage was applied to the VCC pin. In

both cases the devices were replaced and the mounting continued.

Monitoring During Irradiation

In situ monitoring was used to determine the mode of interaction

between incident radiation and the microcircuits and the duration and

degree of permanency of any deleterious effects that occurred. The number

of parameters that could be measured during irradiation was limited by

the physical problem of manipulating devices for specific tests. Therefore,

a static test group was used to provide d-c characteristics and a dynamic

group to provide a-c characteristics. The nonenergized group was monitored

by periodic pulsed measurements.

Monitoring of NAND/NOR Gates

Figures 9a and 9b, in a most general manner, illustrate both the

static and dynamic test configurations for the NAND/NOR gates. In the

static configuration, the five circuits were operated in parallel with input
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+v

Rlow

Gnd

24-Point Recorder

a. Static Configuration

Through cathode

follower to oscilloscope

probe

b. Dynamic Configuration

FIGURE 9. GENERAL TEST CONFIGURATIONS FOR NAND/NOR GATES
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leads tied together to achieve an inverting function. The output voltage

of each of the gates was recorded, in turn, by the use of a 24-point

recorder. The first five channels of the recorder were used to record

the "on" conditions. On the 6th and 18th channel switches were actuated,

and the "off" condition prevailed. The "on" conditions were then reset

on the 12th and 24th channel. Operating in this fashion one particular

measurement was taken about every 24 seconds.

The resistor values selected for the two circuit conditions

are dependent upon the characteristics of the logic configuration. For

example, loading on the DTL configuration occurs when the output is

low. In this case, the resistor for the low state was selected to simulate

maximum fan-out, thereby allowing measurement of the saturation voltage

characteristics of the output transistor. The high-state resistors generally

were chosen to be comparable to the internal load resistor, allowing

measurement of changes in the latter.

The power-supply voltages used were the same as those used

during the characterization. The specific test configurations may be

found in Appendix II according to device type.

The pulsed test (unbiased) units were connected in the same

configuration as were the static units but were not biased during irradiation.

However, periodically (every order of magnitude increase in fluence

or whenever the machine was stopped) a pulsed bias and pulsed signal

level were applied. The length of the pulses for the diffused gates

was 3 microseconds and, for the MOS gates, 5 microseconds. For all

gates only the low level was observed in this pulsed mode. Observation

of the output voltage level was accomplished by the use of a Tektronix 564
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storage oscilloscope and Polaroid camera. Because the circuits were in a

static configuration and because only one output could be observed at a

time, the pulsed circuits were pulsed five times during one set of pulsed

measurements for a total of 15-40 microseconds of operation. Examples of

pre- and post-photos of the types taken for this test are shown in Figure I0

for one amplifier and two gate circuits. Figure 10a is the output of

Fairchild _M400. Figure 10b is the output of Motorola EPIC DTL and

lOc is the output of Amelco A13251. The scales are listed below each

picture. Figures 10b and lOc illustrate two problems encountered in obtaining

responses in such a short period of time. The problem in 10b (preirradiation)

is the fact that the low-level voltage is too small ( <0.i volt) to

accurately measure and is limited by the equipment used. However, for the

purpose of this experiment - looking for temporary changes in parameter

values sufficiently large to cause failure - the equipment was adequate. It

is interesting to note that the supply-voltage pulse and input-bias-level

pulse were slightly out of synchronization and the high level output (Von e)

appears toward the end of the pulse. The problem indicated in the preirradiation

picture of lOc is the nearly insufficient pulse duration to allow for

stabilization of the circuit. What has occurred in this picture is that

the negative-supply-voltage pulse is slightly longer in duration than the

positive-supply-voltage pulse and occurs slightly before the positive pulse.

As a result the amplifier output goes first toward negative saturation and

then toward positive saturation, the condition to which it is biased. It

is interesting to note how the response of the amplifier changed between

pre- and postirradiation pictures. After the exposure the amplifier appears

to recover much more rapidly.
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Once the exposure was finished and the static circuit monitoring

completed, the static circuits were disconnected from static monitoring

circuitry. The pulsed samples were disconnected from their pulsed monitoring

circuitry and connected to the static monitoring circuitry. These pulsed

circuits were then operated in the static mode until it was felt that no

significant change was occurring. These circuits were observed for as long

as 15 minutes.

The general dynamic test configuration for the NAND/NOR gates

is shown in Figure 9b. The gates are connected to form a ring oscillator

under maximum fan-out with respect to worst-case conditions with the

frequency of oscillation given by

where N is the number of gates (five) and _p is the average propagation

delay for a gate. Thus, by monitoring the frequency, changes in the

time characteristics were continuously observed. The specific test configurations

are given in Appendix II.

Monitoring of Flip-Flops

The general static and dynamic test configuration for the

fllp-flop functions are shown in Figure ii. In the static case both

high- and low-state outputs were available, and no switching was required.

The master switcher has been designed so that the fllp flops in the static

mode can be directly reset, thus keeping them in the same state. The

fact that a flip-flop occasionally loses state during irradiation and

can readily be reset to its proper state does not necessarily constitute

a failure, since machine noise can change the flip-flop's state. However,
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if the flip-flop has to be continuously reset, data and device characteristics

should be examined to determine the responsible mechanisms. Generally

when a flip-flop has to be continuously reset, it is considered a failure.

Considerations similar to the gate case apply to the selection of these

resistor values.

The pulsed-test configuration was the same as the static configura-

tion and it was only operated periodically in a pulsed mode. The length

of time for the pulses was 3 and 5 microseconds, respectively, for the

diffused and MOS devices.

In the dynamic configuration, the flip-flops were connected

in a ripple-counter configuration. With the five units shown, all counters

would change state every 32nd count. Thus the propagation delay for

all five units can be determined by measuring the delay between the

32nd clock-pulse input and the resultant fifth fllp-flop output change.

All devices were loaded for worst-case conditions.

Monitor in_ of Amplifiers

The general static configuration for the amplifiers is shown

in Figure 12. The five amplifiers, each with a closed-loop gain of

approximately I00, were operated in parallel with their input leads

tied together. The outputs for Fairchild _A709 and Amelco A13251 devices

had 1000-ohm loads attached, but Signetlcs SES05G was not loaded because

of stability problems. This difference in loading would not appreciably

affect the observed failure levels or failure modes of increased offset

voltage and decreased open loop gain in the linear region. However, the
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difference would affect the saturation voltage levels: The loading would

decrease the maximum voltage swing. The output voltages for each amplifier

were recorded in turn by use of the 24-point recorder. Four d-c levels

were fed into the amplifiers sequentially. The first level was a voltage

which would saturate negatively the output of the amplifiers. This was

recorded on the first five channels of the recorder. During the sixth

channel period the input was switched to the second d-c level, a small

positive signal (+i0 to +40 my). The amplifier's output was then recorded

on channels 7 through II. The inputs were then switched to the third

d-c level, a small negative signal (-i0 to -40 my), during the channel 12

period. These outputs were recorded on channels 13 through 17. During

the channel 18 period, the inputs were switched to the fourth level,

a large signal which saturated positively the amplifier's output, and

these output levels were recorded on channels 19 through 23. The inputs

were then returned to the first d-c level during the channel 24 period.

From the recorded data it is possible to observe the changes in saturation

voltages and gain, and also to observe indirectly the changes in offset

voltage.

The pulsed-test configuration for the amplifiers was the same

as the static configuration except that, while operating in a pulsed

mode, an input voltage divider was added to the circuit. The reason

for the extra divider was to limit the number of pulse generators necessary

to make the measurement. The extra divider was removed before operation

in the static mode was attempted. Also, none of the pulsed samples had

loads on their outputs. During the pulsed measurements, the amplifiers

were biased to a saturated output.
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The general dynamic test configuration was a cascade of the

amplifiers, that is, each amplifier had a closed-loop gain of about

i00 and the output of the first amplifier was tied to the next amplifier

through a i00:i divider and so on through five devices. The output of

the fifth device had no divider, but was fed directly through a cathode

follower to an oscilloscope. The gain for the series of five devices

was about i00. A sinusoidal signal, limited in magnitude so as to not

saturate the output of any of the amplifiers, was the input into the

amplifier series. Gain was the basic parameter observed in this configuration.

General indications of other parameters (offset voltage and phase shift)

could be observed. Specific test configurations for these devices are

found in Appendix II, according to device type.

Radiation Monitoring Equipment

The equipment used for the monitoring of the devices is shown in

Figure 13 as it appeared at the accelerator. From left to right on top of

the tables are the 24-point recorder with the master switch box on top, the

storage oscilloscope for recording pulsed measurements, two digital voltmeters

with an auxiliary switch box on top, two pulse generators with a sinusoidal

generator on top, an oscilloscope for observing the dynamic circuits

with its Polaroid camera lying next to it and the recorder for recording

ambient, static, radiated, and dynamic circuit temperatures. Below

the first table are all the necessary power supplies and a third pulse

generator. The master switch box was built during the first program

and served a twofold purpose. First, in the case of gates and amplifiers

it changed their state on every sixth count of the recorder; in the

case of the flip-flops it connected the outputs to the proper pin of the
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recorder. Second, in the case of the gates It changed the load resistor

every sixth count In sequence wlth the change In outputs; in the case

of the fllp-flops it connected the proper load resistor to the outputs

of the device. The schematic of the master switcher Is shown in Figure 14.

The auxiliary switch box was built to facilitate the pulsed measurements,

to control operation of static amplifier circuits, and to expedlate switching

the pulsed circuitry from the pulsed mode to the static operating mode.

The general switching schematic of thls box is shown in Figure 15.

Other Necessary Equipment

The other necessary equipment involved cabling which connected

the circuits under test to the monitoring equipment, and the test Jig

for holding the specimens while In the radiation environment. The experimental

set-up used three cables which were taken through flexible conduit to

the circuits. One cable contained the output wires from the switch

box to the circuits. The second cable contained four thermocouple leads,

two coaxial cables, and two flve-wlre cables. The third contained miniature

coaxial cables from the slx cathode followers. The four thermocouples

were used so that the ambient temperature and the temperature of the

static, pulsed, and dynamic circuits could be monitored during the radiation

exposure. Only the center device of the flve In each operating condition

was monitored. Two flve-wlre cables were needed to apply voltage to

the cathode followers and operate relays when changing from the pulsed

to the static mode ofoperation for the pulsed circuits. Cathode followers

were used to bring all dynamic and pulsed signals out to the monitoring

equipment. The circuit diagram for the cathode followers Is shown in Figure 16.
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The test Jig consisted of two aluminum chassis lying side by

side with their open ends up (Figure 17a). The chassis were held in

position by an aluminum angle clamped to a metal frame below the bucket

of the accelerator (Figure 17b). A braided battery cable connected

the housing of the accelerator to the aluminum chassis as a common ground.

Figure 17b clearly shows the covers for the chassis. The covers consist

of soft 5/8-inch aluminum sheet onto which were bolted small aluminum

angles to facilitate cooling. The contents of the test Jig are easily

recognizable in Figure 17a. In the one chassis are several terminal

blocks, a cooling fan and a heater coil. The cathode followers (next

to the test board and covered) and test board are located in the other

chassis.

There was one test board for each device type. The board

material was Panelyte Number 1615 with a slot down the center (slot for

flat packs and holes for TO-5 cans) into which the devices were fitted.

At the rlght-hand edge of the slot is a notch for access to the aperture

of the Faraday cup. The test boards had one set circuit pattern etched

on one side. This pattern allowed the devices to be welded to the boards

and the proper voltages and outputs connected to the board through printed-

circuit board connects. The interconnectlon between the circuits and

the connectors were accomplished by additional wiring. Figures 18a and

18b show both sides of the Fairchild _A709 board. The wiring for the

amplifiers was quite complex. The connectors on both sides of the board

contained the same wiring, and, in this way, the need for many wires
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a .  Aluminum Chass i s  

b.  Aluminum Chassis  w i t h  Cover 

FIGURE 17. TEST J I G  IN SITE 
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crossing back and forth through the electron beam was eliminated. Two

crossovers were provided in the chassis and they can be seen at the left-

hand side of the chassis. The crossovers were made from aluminum stock

and had a wall thickness of 5/8 inch.

IRRADIATION PROCEDURE

The irradiation procedure generally followed the steps which

had been outlined before the irradiations were started. Any deviations

that occurred resulted from unexpected early microcircuit degradation.

The procedure as set up was the following:

(i) Place device test boards in test Jig

(2) Set all necessary voltages

(3) Observe operation of the pulsed circuits in the static

operating mode through the monitoring equipment

(4) Convert pulsed circuits to pulsed operating mode and check

operation

(5) Check static and dynamic circuit operation through monitoring

equipment

(6) Take initial pulsed measurement pictures on radiated samples

(7) Start radiation at a flux of 1012 e/cm2-sec for the digital

devices other than those with MOS elements. The remaining

devices were to have initial fluxes of i0 II e/cm2-sec but

after the first run this rate was lowered to 1010 e/cm2-sec.

The electron energy was 3-Mev except for the MOS devices. The

electron energy for the MOS exposure was 1.5 Mev.
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(8)

(9)

(lO)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

Stop radiation after 50 seconds

Make pulse measurements on pulsed circuits

Start radiation at same flux

Stop radiation after 50 seconds' more operation

Make pulse measurements on pulsed circuits

Start radiation at a flux one order of magnitude higher

than before (1013 e/cm2-sec for gates) if it appears as

though no significant information will be lost by making

the adjustment

Stop radiation after i00 seconds (1015 e/cm 2 for gates)

Make pulse measurements on pulsed circuits

Start radiation at previous rate

Stop radiation after 900 seconds (1016 e/cm 2 for gates)

Make pulse measurements on pulsed circuits

Start radiation at previous rate

Stop radiation finally after 3600 seconds (5 x 1016 e/cm 2 for

gates)

Make pulse measurements on pulsed circuits

Monitor the static and dynamic devices until they exhibit

no more significant changes in characteristics

After stabilization of the static and dynamic parts disconnect

the dynamic and static parts from monitoring equipment

Change the pulsed circuits from pulsed mode operation to

static mode operation and connect to the static circuit's

monitoring equipment
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(25) Observe the pulsed circuits operating in the static mode

up to fifteen minutes or until no significant changes are

occuring

(26) Disconnect power supplies

(27) Removetest board from test Jig

Any observations during the exposure which would be helpful in later

analyses of the data were recorded, pictures were taken through the oscilloscope

of the characteristics of the dynamically operating devices, and the

statically operating device parameters were monitored. If during the

radiation exposure a device appeared to be a failure the accelerator

was shut off, pulsed measurementswere taken, and the static and dynamic

parameters observed for a few minutes. If the parameters quickly recovered,

the test was continued. If the parameters did not recover, Step 22

was begun on our general outline of test procedures. The information

obtained during this phase of the study is presented in Appendix III

in the form of curves for the static parameters, data tables for the

pulsed circuits, and pictures of waveforms for the dynamic circuits, along

with the data sheets containing the pre- and post-characterization data

for all 20 devices.

Problems Durlng Irradiation

Two problems were confronted during the irradiation. First,

the failures of some of the devices at relatively low fluences. Second, the

inability to accurately measure fluence at low fluxes of the order of

109 e/cm2-sec of below due to an instrumentation breakdown. The flux
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integrator (or counter) failed during the experiment. As a result the

current to ground from the Faraday cup was monitored with an electrometer.

The integration of flux was accomplished by keeping the Faraday-cup

current constant (a very difficult Job at low flux rates) and by keeping an

accurate measure of the exposure time. As a result the flux had to

be kept somewhat higher than would have been desirable to obtain a

maximum amount of information on several of the circuit types.

Radiation Environment and Measurement

The radiation environment chosen for this program was produced

by a Van de Graaff generator. The electron energy used for the portion

of the program concerned with the non-MOS devices was 3 Mev. This value

was chosen as a practical simulation of the electron-space radiation

environment. The MOS devices were exposed to 1.5 Mev electrons. It

was felt that the lower energy electrons may be more damaging from a

surface standpoint than the 3 Mev electrons. The beam was approximately

I centimeter wide and was swept through an arc of approximately 30 degrees.

The beam was mapped along both the length and width using a Faraday

cup, and the microcircuits were placed so as to receive equal exposures

on all samples of a particular type.

The same Faraday cup used in mapping the electron beam was

used for monitoring the radiation during exposure of the device. The

actual exposure values for the devices are contained in the sections

relating to the radiation effects on the respective devices.

The Faraday cup and the associated circuitry required for the

above measurements of the radiation environment were built expressly

for this program. A description of the circuit and cup follows.
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Circuitry,

The dosimetry considerations required a method of measurement to

(I) Provide cumulative radiation exposure with readout available

at any time during the exposure and at completion

(2) Give a general indication of exposure rate with readout

available during the exposure

(3) Assure that the radiation measurement and/or readout would

not interrupt device exposure.

The circuitry designed to meet the foregoing requirements consisted

of a conventional Faraday cup, a high-impedance amplifier and transistorized

Schmitt trigger circuit, and an electromechanical counter with driver, as

shown in Figure 19.

Faraday

cup
Schmitt _ Counter
trigger driver

Counter

FIGURE 19. BLOCK DIAGRAM OF RADIATION MEASUREMENT CIRCUIT

However, the electronic portion of this system failed to operate properly

during the experiment. It had been operated successfully many times

in the laboratory prior to the experiment. Attempts at repair while

at the test facilities were unsuccessful. As a consequence the fluence was
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calculated by continuously monitoring the current to ground from the

Faraday cup and keeping an accurate account of the exposure time. To

determine the flux, the current (in amperes) to ground from the Faraday

cup was divided by the size of the orifice in the top of the Faraday

cup and by the charge per electron. For example, a current of 1.6 x 10-9

ampere resulted in a flux given by

1.6 x 10-9 ampere (coulomblsec) = 1 x 1011 elcm2-sec

1 x 10 -1 cm 2 x 1.6 x 10-19 (coulomblelectron)

One problem with this system could be loss of charge by leakage currents.

However, in checking the equipment in the laboratory the leakage currents

that were detected were too small to cause any appreciable error in the

measurement. Possibly the largest single source of error was due to the

fact that the flux could not be held absolutely constant, resulting in

errors in our time integration of the flux. This error is estimated to

be 3 percent.

Faraday Cup Description

Figure 20 is a schematic of the Faraday cup used during the experiment.

Pertinent dimensions are included in the drawing. The cup was machined

from aluminum and was insulated from the aluminum outer shell by alumina.

The base and wall thicknesses of the cup were sufficient to stop all the

electrons entering the opening. The net loss of electrons due to the

effects of secondary emission is a function of the cup geometry and the

material used. A high ratio of cup depth to Cup diameter reduces the

probability of secondary electrons escaping the cup. Aluminum was chosen
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as the cup material due to its excellent secondary-emission characteristics

at the energies involved in the experiment. (4) Due to cup-deslgn considera-

tions, cup biasing was not deemed necessary.

The alumina insulator was made in three sections. The center

section surrounded the sides and extended sliKhtly beyond the bottom

and top of the cup. The top section formed a cap between the center

section and the defining orifice. The primary purpose of the top section

of the insulator was to reduce the effects of air ionization between

the defining orifice and the cup. The bottom section was similar to

the top section but had a larger center hole. Its purpose was to insulate

the cup from the grounded outer aluminum shell.

The brass top was thick enough to stopp all incident electrons

with energies less than 3 Mev. A 0.100-cm 2 circular hole defined the

sampling area. The cup was connected to the electrometer by approximately

40 feet of RG-62/U with the outer conductor connected to accelerator

ground at the cup end. This cable was then placed in a l-3/4-inch aluminum

pipe with a wall thickness of 5/8 inch. The pipe ran from the cup to

outside the accelerator. This pipe was also attached to accelerator

ground.

(4) "Back Scattering of Megavolt Electrons from Thick Targets",

K. D. Wright and J. C. Trump, Journal of Applied Physics (February, 1962)
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ANALYSIS OF DATA

The effects of 3 Mev electron radiation on eight microcircuit

types and 1.5 Mev electron radiation on three MOS microcircuit types

are summarized in tabular form in the next section. These effects are

presented in terms of parametric device changes determined from both

the in-situ measurements and the more comprehensive pre- and postirradiation

measurements.

In this section the practical significance of the observed

parametric changes are discussed. Attention is focused on salient features

of the experimental results and on possible design steps to extend the

period of device operation in the environment.

In the following analysis of part types it will be assumed

that the reader is familiar (either through Battelle's 1965 report Contract

No. NAS5 3985 or from other sources) with the basic damage mechanisms

and the changes that occur in monolithic circuits when exposed to electron

radiation. It will also be assumed that the parametric changes occurring

in MOS transistors due to an electron irradiation are known. Where something

is felt to be relatively new or possibly not widely known a reference

is given.

Analysis Summary

Due to the variety of circuits in this program, it is difficult

to discuss changes which are common to all four categories of circuits.

However, one comment is appropriate before this discussion is broken

down into the four categories. The point of failure in all categories has
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centered around the transistors. Whether it was transistors operating

at very low current levels with leakage currents becoming an appreciable

part of the current being controlled, or whether failures were due to

increased gate threshold voltage or decreased gain resulting from surface

or bulk damage, the problem device is the transistor. As a consequence,

attempts at radiation hardening either by initial circuit design or

by system design will have to be aimed at keeping the transistors or

directly associated circuitry in operating ranges acceptable for satisfactory

system operation.

Amplifier Circuitry

The mode of failure for the amplifiers was attributed to three

basic parameter changes: decreased gain, increased input bias current,

and increased offset voltage. Which parameter change or combination of

changes will cause the first failure is not always easy to predict since

it will depend not only on intrinsic device structure, but also on intrinsic

circuit design and extrinsic device circuitry. Basically it was determined,

as is explained in the analysis section, that these changes were, at least,

initiated by surface damage. In some cases the changes occurred rapidly,

and the nature of the monitoring measurements did not preclude the possibility

that some of the observed changes were initiated by rate effects.

As far as actual use of amplifiers in a radiation environment

is concerned, one can expect the input leakage current to increase, resulting

in lower input impedance. For an operational amplifier, this could upset

the feedback ratio unless a feedback network is chosen which has sufficiently
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low resistance to swampthe increased leakage. Fortunately, this effect

opposes the reduction of transistor gain with radiation. Low balanced-

input resistance from inputs to ground are also desirable to reduce

the effect of increased leakage. That is, the voltage drop across a

high- input resistor (resulting from a change in _nput leakage) will

appear as a signal at the input, and may saturate the amplifier even

though the input offset voltage inherent in the amplifier remains unchanged.

Input offset voltage is also likely to increase so that cascaded

stages should, where possible, employ a-c rather than direct coupling to

avoid saturating the latter stages. Where large output signals are required,

it may be necessary to use strong feedback in order to makemaximumuse

of the amplifier output swing capability while minimizing changes in offset

voltage. Evenwith this precaution somesafety factor should be used to

allow for reduced output swing when the collector-emitter saturation

voltage of the output transistors increases.

The _LA709amplifier experienced its first failure at less than

7 x i0 II e/cm2. A statically operated amplifier exceeded the maximum

allowable offset voltage of 7.5 x 10-3 volts. All other parameters

appeared to not change or change insignificantly during and after the

exposure.

The SEb05Gexperienced first failure at 6 x 1013 e/cm2 when the

closed-loop gain decreased by more than 5 percent. The input bias current

increased substantially from 109 to 132 percent. The offset voltage increased

13 to 56 percent and the saturation voltages did not change appreciably.
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A decrease in closed-loop gain of greater than 5 percent also

caused first failure in the A13-251 circuits. First failure occurred at

an exposure of less than 1012 e/cm2. Statistically significant changes in

input offset voltage, resistance, transistor gain, amplifier gain, and

bandwidth were noted. No statistically significant differences were

observed in amplifier saturation voltage, input bias current or commonmode

rejection ratio.

Important parametric changes in these amplifiers are compiled

in Table 2.

Micropower Circuitry

The principal mode of failure in these devices was transistor

degradation with decreases in gain and increases in VSA T and VBEon.

The changes in these parameters can be attributed not only to bulk, but also

to surface damage. The input drive current, input threshold voltages, the

output drive current, and the output low-level voltages generally increased.

The high-level output voltage showed decreases, with the Westinghouse WSII3Q

unit showing the largest decrease because it is controlled by the saturation

voltage of transistor. The rise, fall, and delay times showed increases while

the storage time showed slight decreases. The changes are consistent with

the changes observed in last year's NASA program.

The first failure for the PL987 circuits occurred at a fluence of

1.45 x 1015 e/cm 2. The failure was caused by a circuit exceeding its maximum

specified VZERO output voltage level of 0.215 volts.
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TABLE 2. COMPARATIVE PARAMETRIC CHANGES IN PERCENT FOR AMPLIFIER CIRCUITS*

Description _A709 SE5OSG A13 251

Fluence to

First Failure, e/cm 2

Total Fluence

7 x i0 II 6 x 1013 <1012

7.6 x 1012 4.3 x 1014 3.7 x 1014

Open-Loop Gain

Positive Saturation

Negative Saturation

Bandwidth

Input Bias Current

Offset Voltage

Common Mode

Rejection Ratio

Distortion

DC Balance Output

Resistance

Transistor Gain

NPN

PNP

-.7

and 5.9

4.7

57.2

173.

-3.4

-27.3 -33.4

-.8 0.0
and 4.6

7.1 0.0

46.5 182.

109. 370.

131. 34.9

-1.0 ---

-5.9 9.5

-3.2 ---

6.1 9.6

Note: N.S. ffiNo significant change

.... Data not taken or data inconclusive

*These data are percent average changes only in the static group.
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The first failure for the WSII3 was caused by a circuit exceeding

the minimum specified Von e output voltage level of 2.50 volts. This first

failure occurred at 8.0 x 1014 e/cm 2.

A comparison of important parametric changes for these two

circuit types is given in Table 3.

MOS Digital Circuitry

The failure modes, changes in Vzero and Von e voltage levels, can

be attributed to increases in gate-threshold voltage and drain-to-source

leakage current. The gate-threshold voltages increased from 7 to 55 percent.

leakage current was measured for one device type which indicated a maximum

current of 10-7 ampere. Other sources(S&6)indlcated, however, that leakage

currents could occur as high as 10-5 ampere. A current of this magnitude

would be sufficiently large to cause the 2 to 9-volt drops observed in the

output hlgh-level voltage. The transient parameters all showed increases

which ranged from 7 to 228 percent. These transient parameters will be affected

by relative changes in parameters such as resistance and capacitance external

to the transistor as well as internal changes. Changes in fan-out may or

may not affect the period of operation in the radiation environment, depending

upon which output level causes the device failure. Failure of the high level

may be effected by changes in load, depending on magnitude of the loads and

the apparent magnitude of draln-to-source resistance of the transistor used

as a pull-up resistor.

(5)

(6)

Stanley, Alan G., "Comparison of MOS and Metal-Nitride-Semiconductor
Insulated Gate Field Effect Transistors Under Electron Irradiation",

presented at Annual Conference on Nuclear and Space Radiation Effects,

Stanford University, Palo Alto, California (July 18-22, 1966).

Gordon, Frederick, Jr. and Wannemacher, Harry E., Jr., "The Effects of

Space Radiation on MOSFET Devices and Some Implications of Those Effects"
X-716-66-347, Goddard Space Flight Center, Greenbelt, Maryland (August,1966).
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TABLE3. COMPARATIVEPARAMETRICCHANGESIN PERCENTFORMICROPOWERCIRCUITS*

Description PL987 WSII3Q

Fluence to

First Failure, e/cm 2

Total Fluence

1.45 x I015

1.45 x i015

8.0 x 1014

9._ x 1014

Input Voltage Threshold

Input Drive Current

Input Leakage Current

Power Supply Current

Output Drive Current

Resistance

Rise Time

Fall Time

Delay Time

Storage Time

Output One Level

Output Saturation

Voltage

N5.0

-2.8

-19.2

N.S.

-42.7

2.3

39.1

8.0

21.5

-2.3

23.5

N.S.

N.S.

-14.5

----m

24.3

183.

-6.7

-10.3

-6.4 and -24.7

708. to 914.

Note: N.S. = No significant change

.... Data not taken or data inconclusive

*These data are percent average changes only in the static group.
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First failure for the 7532 circuits occurred at 2.5 x 1012 e/cm 2

and was caused by both output voltage levels exceeding their specified

voltage limits.

The 7531 failure was a result of a decrease in high level output

voltage to less than its specified value. The first failure occurred at

less than 1.2 x i0 II e/cm 2.

The _M400 experienced first failure at less than 1.2 x i0 II e/cm 2.

The failure was a result of a circuit exceeding a predetermined level for

the output Vzero voltage.

Important parametric changes are compared for these three circuit

types in Table 4.

Dielectrically Isolated Circuitry

The changes observed for these devices were quite similar to the

ones observed for monolithic circuits in the 1965 program. Under this

environment, the degradation of transistor gain is the major factor in their

radiation resistance. There were no unusual changes or nonchanges which

might be directly attributed to the use of the dielectric isolation.

Exceeding the specified Vzero output voltage caused the RD210

circuits to experience first failure at 4.15 x 1014 e/cm 2.

The DTL gates by Motorola (DTL EPIC and MC962) experienced first

failure at 3.88 x 1015 e/cm 2. The failure was caused by the Vzero output

voltage level exceeding its specified limit.

Table 5 compares some of the important parametric changes for

these circuit types.
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TABLE 4. COMPARATIVE PARAMETRIC CHANGES IN PERCENT FOR MOS CIRCUITS*

Description 7532 7531 _M400

(MEM529)

Fluence to

First Failure, _/cm 2

Total Fluence

<2.5 x 1012 <1.2 x i0 II <1.2 x i0 II

5 x 1012 i x 1012 2.5 x I0 II

Transconductance -6.7

Dynamic Drain Resistance N.S.

"On" Drain Current -61.5

Input Voltage

Thresholds 9 to 30.

Output One Level -32.

Output Zero Level 17.8

Output Drive Current -84.9

Rise Time 229.

Fall Time 176.

Delay Time 131.

Storage Time 80.7

Gate to Body

Capacitance ---

Gate to Drain

Capacitance ---

Gate to Source

Capacitance ---

Drain Leakage Current ---

Gate Leakage ---

-21.8

34.

-50.3

-25.2 38.9

(clocked)

-55.

N.S.

N.S.

N.S.

1.2 x 105

626.

Note: N.S. = No significant change

.... Data not taken or data inconclusive

*These data are percent average changes only in the static group.
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TABLE5. COMPARATIVEPARAMETRICCHANGESIN PERCENTFORDIELECTRICALLY
ISOLATEDCIRCUITS*

Description RD-210 EPIC-DTL MC962

Fluence to
First Failure, e/cm2
Total Fluence

4.15 x 1014
4.6 x i014

3.88 x 1015

3.94 x 1015

3.88 x 1015

3.94 x 1015

Input Voltage Threshold -3.5 3 to ii N.S.

Input Drive Current N.S. N.S. N.S.

Input Leakage Current N.S. N.S. N.S.

Output Drive Current -13.6 -79.0 ---

Output Saturation

Voltage 11.3 ......

Rise Time 9.9 ......

Fall Time N.S. -.....

Delay Time N.S. -.....

Storage Time N.S. -.....

Forward Diode Voltage N.S. -.....

Resistance N.S. N.S. N.S.

Gain -42.3 ......

Note: N.S. = No significant change

.... Data not taken or data inconclusive

*These data are percent average changes only in the dynamic group.
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Description of Data Summaries

To help clarify the detailed analysis and make it easier to follow,

a discussion on the format for the presentation of the summarized data in

the "Results" section is presented below.

Circuit Identification

The first page of each summary identifies the circuit. Included

on this page is the Circuit Identification Code, the Circuit Diagram, and

a Circuit Description. The latter describes the function, process, and

advertised speed. In the case of gates, the advertised speed is in terms

of average propagation delay.

the maximum clock frequency.

gain.

For clocked flip-flops, it is in terms of

The amplifiers are described by their advertised

In-Situ Data

The second page of each summary presents the results of data

taken with the microcircuits in radiation test configurations. Included is

the radiation exposure accumulated at the point of first failure, the total

exposure, the failure mode, and information pertaining to the parameters

that were monitored during the irradiation. The monitored parameters for

digital circuits are

(i) The low-level voltage (Vzero) at the output of the

circuits in the static test group. These voltages are

worst case with respect to input voltages and output

loading. This was done in order that the data would be
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representative of all possible design options and to

obtain noncatastrophic failures for purposes of

successful recharacterization.

(2) The hlgh-level voltage (Vone) at the output of the

circuits in the static test group. The voltages are

again worst case with respect to input voltages.

(3) Pulsed measurementof Vzero for the circuits in the pulsed

test group. Once the exposure was finished, the pulsed

circuits were operated and monitored with the static

monitoring equipment. The resulting parameter values are

listed under the pulsed circuits and called "Static Mode"

parameters.

(4) The total series propagation delay (Multistage Propagation

Delay) of the circuits in the dynamic test group. For gates

the reciprocal frequency of a ring oscillator was used; this

is twice the average series propagation delay of the gates.

For clocked flip-flops the total delay through a ripple

counter was used as the time parameter. These circuits were

also worst case, loaded to make their changesmore compatible

with the static circuit results.

The monitored parameters for the amplifier circuits are

(I) The positive and negative saturation voltages

(2) A small d-c positive and negative input signal monitored at

the output of the static units. This series of two d-c signals

allows the gain of the amplifier to be calculated and the

change in offset voltage to be observed.
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(3) A pulsed measurementof the output saturation voltage mode

on the pulsed test group. The pulsed circuits were operated

after the exposure and monitored with the static monitoring

equipment. The parameters obtained in this manner are listed

under the pulsed circuits and indicated by calling them

"Static Mode" parameters.

(4) The average change in gain of the circuits in the dynamic

test group. For _A709 and A13251 the changewill be the

change in open loop gain, but for SE505Gthe changewill be

for closed loop gain.

The parameter values at four points in the test sequence are

compared. These points are

(i) Initial (Just prior to irradiation)

(2) Final (just prior to termination of irradiation)

(3) Post Rad. In Site (following irradiation, after parameters

stabilize)

(4) Post Rad. i Week(approximately one week after irradiation).

The temperature of the microcircuit packages, as determined from thermocouple

measurements, is given for each of the four points.

For the static and pulsed test group parameters the meanvalues, the

percent change of the meanvalues, and the minimumand maximumreadings obtained

from the five circuits are listed. For the dynamic circuits the monitored

parameter and its percent changeare listed.

Characterization Data

The third and following pages of each summary contain a comparative
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tabular evaluation of the pre- and postcharacterization measurements.

The radiation-induced device parametric changes may be read directly

from the tables. The data for one parameter are presented and partially

analyzed in one column. Since the data were summarized by computer, the

number of columns (or parameters) may vary from one to four on a page,

depending on how many columns of raw data were combined. At the top

of each column is listed the parameter. In order to make circuit-by-

circuit comparisons convenient, a common symbolo_y is used throughout

the summaries. The symbols to a limited extent are consistent with those

used in industry to denote microcircuit parameters. The symbols are

limited because the computer only prints capital Arabic letters and no

subscripts. The symbols also do not necessarily correspond to those

used in the specific characterization plans of Appendix I which more

closely follow the industrial type symbol. Listed immediately before

the summarized results are the common symbols and an explanation of

the parameter. Below the parameter symbol on the data sheet are located

the units of measure for that parameter. Below the units the information

is broken down into six groupings: the information pertainin_ specifically

to the pulsed, dynamic, static, and control groups: the F-test value;

and the t-test values for the six possible binary combinations of the

groups. The parameter changes, as indicated, are considered separately

for each test group to permit necessary comparisons. The effects of

the electrical condition during irradiation are basically of interest, as

are the changes in the nonirradiated control _roup (due to differences

in test conditions, measurement variability, damaging tests, etc.) in

relation to the chan_es in the irradiated test group. The followin_

test group code is used:
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P... pulsed test group (irradiated and nonenergized except

during measurements)

D... dynamic test group (irradiated)

S... static test group (irradiated)

C... control group (not irradiated)

For each test group the following summarized information is provided:

(I) Number of data points considered in the mathematical

analysis except for calculation of the initial mean

(2) Initial mean of the precharacterizatlon values for devices

belonging to that particular test group

(3) Average change between pre- and postcharacterization parameter

values for the devices belonging to that particular test

group

(4) Standard deviation (STD) of the mean is a measure of the

spread in parameter changes of the sample remaining in a

particular test group

(5) Average percent change is the average of the individual percent

changes in parameter values for each of the samples within a

particular test group. These data are thus "normalized" to

fractional changes from initial instead of absolute changes

(6) Interval estimate as percent is an estimate of the average

change that might be seen for this parameter if additional

samples were exposured to the same electron environment under

the same test conditions. It should be realized that this

estimate is based on the number of samples within a particular
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test group and on a predetermined confidence level. For

this program, a 95-percent confidence level has been used.

To summarizethis in semi-empirical form the interval

estimate as a percent is the

Probability [X < percent average change< Y] = .95,

where X and Y are the limits of the interval expressed as

a percent.

(7) Percent average (AVE) chan_e is the average change in

parameter values expressed as a percent of the initial

value. This value should fall within the interval estimate

when expressed as a percent. It is not necessarily true,

however, that the average percent change will fall within

the interval estimate when it is expressed as a percent.

Below the information for each individual test group there are

the results obtained from performing an F-test and a series of t-tests.

The F-test as used here provides sufficient information to either

accept or reject the hypothesis that the electron irradiation has not caused

a significant change in a particular parameter value. This information is

provided in the form of an F-value which is computed from the parameter data

experimentally obtained from all the samples. This hypothesis can be checked

at any desired confidence level by referring to a standard F-table. The F-table

is entered by selecting the desired confidence level and determining the degrees

of freedom (for this case three and the number of samples used minus four).

If the F-value obtained in this manner from the standard F-table is less than

the computed F-value reported in the data summaries, the hypothesis is rejected
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at the selected confidence level.

To clarify the use of the F-test consider the F-values presented

on pagel02 for the Signetics SESO5Gconcerning parameter measurementsof

input bias current, gain, and resistance. Looking at the data summary

sheets, one can see that 20 samples were used in this mathematical analysis.

Select a degree of confidence, say 95 percent. Locate an F-table which is

for a 95 percent confidence level. A reference for this is the Handbook of

Probability and Statistics with Tables by Burington and May, reprinted 1958,

page 278. To enter this F-table look for the F-value under the column headed

by 3 and in the row listed as 16 (3 and 20 - 4 = 16 are the degrees of

freedom). The number is 3.24. Now compare 3.24 with the F-value reported

on the data summary sheet for the input bias current of the Signetlcs SES05G.

It is seen that the computed F-value, 173.4, is greater than the tabulated

F-value, 3.24, and hence we can reject the hypothesis that the electron

irradiation has not caused a significant change in the input bias current.

In other words we are 95 percent confident that, if units comparable

to the ones used for this program are exposed to a 3 Mev electron flux for a

total exposure of 4.3 x 1014 e/cm 2, then a statistically significant change

will occur in the input bias current due to the radiation.

Looking at the F-value reported for the resistance measured between

pins i and 2 it is seen that the tabulated F-value, 3.24, is greater than the

computed F-value, 1.590, and hence the hypothesis would be accepted. That is,

we are 95 percent confident that, if units comparable to the ones used in this

program were exposed to an environment like the one for this experiment, then

no statistically significant change would occur in the resistance values.
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The t-test as used here provides sufficient information to accept

or reject the hypothesis that test groups being considered are not significantly

different as a result of their exposure to the electron environment. This

information is provided in the form of a t-value which is computed from the

parameter data experimentally obtained from the samples being considered.

This hypothesis also can be checked at any desired confidence level. Checking

the hypothesis with the t-test is similar to that of the F-test. Select a

confidence level and determine the degrees of freedom (for this case the

number of samples considered minus two). With this information locate the

t-value in a standard t-table. If the located t-value is less than the

computed t-value reported in the summaries then the hypothesis is rejected

at the selected confidence level.

To illustrate the use of the t-test again refer to the Signetics

SE5ObG data summary sheet for input bias current, gain, and resistance,

page l02. For this particular case the mathematical analysis for each group

contained five samples. This fact makes the t-value analysis convenient but

one must be careful in other cases because the number of samples per group

does vary. Since there are five samples per group and two groups are

considered, there are i0 minus 2 or 8 degrees of freedom. Now select a

confidence level, say 99 percent. Usually the t-test is performed at a

higher confidence level than the F-test. Locate a t-table or use the one

on page 283 of the Handbook of Probability and Statistics with Tables

which is referenced under the F-test discussion. Looking under the column

headed by 0.01 (i.00 minus 0.99) and in the row listed as 8 find the

t-value 3.355. Compare this value with those reported on the data summary
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sheet. For the input bias current for the Signetics SE505G, it can be seen

that the computed t-value for the P-C (19.971, D-C (18.451, and S-c (16.951

groups are greater than the tabulated t-value. As a result we can reject

at the 99 percent confidence level the hypothesis that the pulsed (P),

dynamic (D), and Static (S) groups each do differ by a statistically significant

amount from the control (C) group as a result of their exposure to the

electron environment.

In other words we can say with 99 percent confidence that units

comparable to those used in this program, when exposed to an environment

like the one used on the Signetics SE505G units, will show a statistically

significant difference between the control group and each of the other groups,

pulsed, dynamic and static, as a result of the environment.

Further checking of the standard t-value against the computed

t-values for the input bias current for the P-D, P-S, and D-S groupings

indicates that we can accept the hypotheses at the 99 percent confidence

level. It should be realized that these are independent checks and that

because one group shows a significant difference between itself and another group

has no bearing on what can be expected for any of the other five groupings.

It should also be noted that both the F- and t-tests only allow

their respective hypothesis to be checked for acceptance or rejection at a

specified confidence level and nothing more than that can be said based on

the results of such tests.



-64-

Analysis of Test Data for the Amplifier Circuits

In the analysis that follows, reference is made to the tabulated

results appearing in the following "Results" section.

The failure criterion for this program was any parameter exceeding

the limit specified by the manufacturer. Failure limits were specified in

this manner to be compatible with the information presently supplied to

design engineers by the manufacturers. For the amplifiers, however, it was

arbitrarily determined that a 5 percent decrease in closed loop gain would

be considered a failure.

Fairchild _A709

Fairchild's _A709 is an operational amplifier having a nominal

open-loop gain of 32,000. These circuits are of the planar epitaxial

construction.

The first failure occurred at an electron fluence less than

7 x i0 II e/cm 2. Total fluence received by these devices was 7.6 x 1012 e/cm 2

at a flux of i0 I0 e/cm2-sec. The first failure was a statically operated

amplifier that exceeded the maximum allowable offset voltage of 7.5 x 10-3 volts.

The same behavior, a tendency toward negative saturation, was noted in the

four remaining amplifiers of this group. The closed-loop amplifier gain

during the exposure, however, appeared to remain unchanged. In view of this

and the fact that the amplifiers had recovered significantly in the few

minutes following the first exposure (total fluence 1.9 x 1012 e/cm2), a

second exposure was made. Several seconds after initiating this exposure,

all but two of the amplifiers had completely saturated (negatively) and

the exposure was promptly terminated. Total fluence for the first and second
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exposures amounted to 2.6 x 1012 e/cm 2. Some 5 minutes later, all amplifiers

of the static group had recovered from saturation. It is interesting to

note that, when the pulsed group was operated in the static mode following

the second exposure, operation of the entire group was normal and within

specifications.

Because no indications of failure were evident other than output

drift of the static and dynamic groups, the devices were exposed a

third time until a total fluence of 7.6 x 1012 e/cm 2 was attained and

all but one of the static circuits had saturated outputs. This effect

was so strong that even with a signal of +200 mv (and a gain of i00)

at the non-inverting input, four of the five statically operated circuits

were saturated negatively. Eight minutes followin_ the last exposure,

three out of five circuits were recovering toward normal values. Recovery

occurred rapidly for the first minute or less, and thereafter proceeded

with a time constant of 20 minutes or longer. Pulsed circuits were operated

in the static mode a second time following the last exposure. No change

had occurred in any of these units: all remained within the limits given

in the specification sheet. It should be noted that the specification

sheet used for testing and failure criterion was only tentative and differs

in some respects from the present _A709 data sheet.

Seven parameters of the _A709 were measured at Battelle in

the pre- and postirradiation characterization. The results of the analysis

done on these data indicate that there were no significant permanent

changes which could be attributed to the radiation. While some minor

changes have occurred, one cannot draw any conclusions because of large

variations within the groupings and small sample size.
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The principal failure mode (excessive offset voltage and satura-

tion of the amplifier) can be attributed to surface effects for the following

reasons:

(1) Circuit temperature remained essentially unchanged throughout

the exposures. The temperature of the pulsed (unbiased)

group and ambient temperature tracked excellently between

69 and 74 F. Dynamic and static groups (with bias applied)

also tracked together between 79 and 85 F.

(2) The unbiased circuits (pulsed) did not exhibit an 7 of the

adverse effects observed in the biased (static and dynamic)

circuits. This behavior is typical of surface effects.

(3) Saturation effects were not permanent, as are bulk damage

effects, since the 7 appeared to heal themselves. Note that

the postcharacterization measurements are not significant17

different from the pre-irradiation measurements.

(4) The total electron fluence, 7.6 x 1012 e/cm 2 , should not be

sufficient to cause extensive bulk damage in advanced silicon

transistors.

(5) The circuit makes use of transistors operating at very low

power. For example, the transistor (Qll of the figure used

in Test Result Summaries) employed as a current source in the

input section of the amplifier has an average collector current

of on17 20 microamperes. Transistors operating in low current
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modes have been known to show current gain degradation due to

surface channeling effects. (7) (8)

Although the evidence strongly indicates surface effects the possibility can

not be overlooked that exposure rate is a significant factor.

An attempt to conclusively isolate the problem area to a single

transistor is not feasible. There are clues, however, which point to

the input circuitry. First of all, both output transistors are operating

normally as evidenced by the stability of the plus and minus saturation

levels. The fact that saturation levels remained stable indicates that

gain has not degraded and that base drive is adequate. Second, the output

stage incorporates feedback so that d-c shifts in the bias levels of

transistors (Qg, QI2, QI3, and 014) within the feedback loop should be

minimized. Third, the sheer magnitude of the effect and the rapidity

of recovery in the initial minute following an exposure precludes the

possibility that it was caused by a single transistor near the output.

The observed saturation could more easily be explained by an internal

circuit inbalance of somewhat more than 200 mv (referred to the input)

which was then amplified.

Signetics SE505G

Signetics SESOSG is a general-purpose differential amplifier

fabricated by planar epitaxial techniques. The slngle-ended open loop

(7) Stanley, A., "Space Radiation Effects on High Gain Low Current Silicon

Planar Transistors", Lincoln Laboratory, under Contract Number AF 19 (628) -

5167 (February 9, 1965, revised October 25, 1965)

(8) Nelson, D.L., and Sweet, R. J., "Mechanisms of Ionizing Radiation Surface

Effects on Transistors", Paper at the IEEE Annual Conference on Nuclear

and Space Radiation Effects, Palo Alto, California (July 18-22, 1966),

under Contract NAS-8-20135.
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differential voltage gain is specified nominally as 1800. First failure

occurred at a fluence of 6 x 1013 e/cm 2, where one unit showed greater than

5 percent reduction in closed-loop gain, corresponding to 60 percent reduction

in open loop gain.

Input bias current (9) increased significantly in all exposed

groups compared to the control group. The percent average increases ranged

from 109 percent in the static group to 132 percent for the pulsed group.

The statistics also indicate that damage to the pulsed group

was significantly greater than in the static group. Nevertheless, the

increased input bias current lowers the amplifier input impedance which

in effect increases the loading on the stage previous to the amplifier.

Amplifier offset voltage measured in the pre/postlrradlatlon

characterizations increased from 130 to 240 percent. However, most

of this change may be attributed to the change in input bias current,

since the measuring circuit incorporated unbalanced input impedance.

The impedance to ground at one input was 120 ohms, and at the other less

than i ohm. Thus, the change in input bias current (per input) multiplied

by 120 ohms (the external resistance which unbalanced the inputs) gives

a change in offset voltage which can not be assigned to the amplifier.

Subtracting this change induced by the external circuitry from the measured

value indicated that the true change in amplifier offset voltage was

approximately 13 to 56 percent greater than initial. No significant

differences were noted between the groups.

(9) Input bias current, as it is used here, is the sum of currents from

both inputs to ground, and hence is twice the value normally specified

by the manufacturer.
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The voltage measured during the exposure for pulsed and static

circuits is also labeled V offset, but is not the same parameter. This

variable was defined in the same manner as an operational amplifier.

It is a slngle-ended measurement (not differential) and must not be

confused with the figure given in the specification sheet or the pre/post

characterization V offset discussed above. The single-ended offset voltage

increased from 26 to 60 percent for the static group, but only 7.6 percent

for the pulsed group. Here a significant difference between groups is

evident as a result of bias conditions. The pulsed group with no voltage

applied would no____tenhance charge migration or charge build-up (surface problems)

which could cause increased leakage currents and increased offset voltage.

As a consequence, this result would indicate a possible surface effects

problem.

Amplifier gain decreased significantly in all exposed groups.

Postlrradiation characterization measurements showed reductions of between

26 and 30 percent open- loop gain, but no significant differences between

exposed groups. Gain degradation was also evident in these groups while

the exposure was in progress. Closed-loop gain (gain about i00) degraded

by roughly 5 percent in the static group, 9 percent in the dynamic group,

and 17 percent in the pulsed group. Some recovery was noted I week later

in the static and pulsed groups. (Post 1-week measurements for the dynamic

group were not calibrated properly, and hence no comparison of annealing

can be made.)

The balanced output, d-c voltage showed a significant reduction

of between 3.2 and 10.5 percent. No statistically significant intergroup

differences are evident.
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Saturation voltages, i.e., the maximum positive and negative

output voltages of the amplifier, did not change significantly as indicated

by pre/postirradiation characterization. However, the measurements

taken during the exposure show drifting toward positive values, and

one failure was noted at 1.5 x 1014 e/cm 2. This device (Unit 8) failed

because the negative saturation voltage decreased in magnitude to less

than -1.6 volts specified as minimum. The positive output limit also

decreased, and later all five statically operated units failed. Both

the positive and negative saturation voltage of the pulsed circuits

remained unchanged from the initial to final in-site measurements.

Although resistance appears to increase when comparing exposed

groups to the control group, there is no statistically significant change.

Amplifier bandwidth increased substantially 40 to 45 percent

in all exposed groups, indicating that the minority-carrier lifetime had

been reduced. This type of behavior is characteristic of bulk damage

effects.

No significant changes occurred in the amplifier input common

mode rejection ratio or percent distortion in the output.

Amelco AI3 251

Amelco's AI3 251 is a planar diffused operational amplifier

with a nominal open loop gain of 20,000. First failure occurred at

an electron fluence less than 1012 e/cm 2 and was due to a decrease in

closed-loop gain (initially NIS0) greater than 5 percent, corresponding

to a reduction in open-loop gain of approximately 91 percent. The principal
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effects on operation during the exposure were drifting output voltage

(with excursions in both positive and negative directions) and decreasing

circuit gain. Because the circuits appeared to be operating normally -

except for a reduction in gain - the exposures were continued until

a total fluence of 3.7 x 1014 e/cm 2 was attained. Statistically significant

changes in the amplifier parameters measured following the irradiation

were noted in input offset voltage, resistance, transistor current gain,

amplifier gain, and bandwidth. No statistically significant differences

were found in amplifier saturation voltage, input bias current, or common

mode rejection ratio. A significant increase in offset voltage of all

exposed groups compared to the control group is indicated by the statistics.

Post-radlatlon in-slte measurements showed that the pulsed circuits had

experienced an average increase in offset voltage of only 1.5 mv (initial

value 7.4 my), whereas the statically operated circuits experienced

an increase of 88. mv (initial value 6.2 my). Clearly there is a significant

difference in effects between the pulsed and statically operated circuits.

Damage which is bias dependent, as this seems to be, can often be correlated

with surface effects. Pre- and post-characterizatlon offset voltages

were measured by a different circuit than used for in-slte measurements

in order to minimize the number of leads brought out from the sample

to the measuring equipment. Values of offset voltage differ slightly (I0)

from one circuit configuration to the other because of differences in

(I0) Sign of pre/post characterization offset voltage is opposite that of

in-site data because the former were referred to the inverting input.
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circuit input impedance, but the trend is the same. It is interesting

to note that offset voltages measured at 5-weeks post exposure were almost

the same for static (9.4 my), pulsed (6.5 my), and dynamic (8.8 my) circuits.

Yet very little annealing was noticed in the 1-week post radiation measurements

on the static group. It is possible that the circuit operating time

preceding the post characterization offset voltage measurements was sufficient

to cause the greater part of this annealing. Some support is given to the

argument by the following discussion of the changes in gain. However,

sufficient information to validate or refute this hypothesis was not obtained.

A statistically significant decrease in gain was observed

for all irradiated groups compared to the control group. The static

group, operating with an initial closed-loop gain of 150 decreased

to a final gain of 42, implying that open-loop amplifier gain was probably

not greater than 60. Open-loop gain degradation was also calculated

for the dynamic group. Compared to the initial values, open loop gain

was about 12 percent after i x 1014 e/cm 2 and i0 percent for 3.7 x 1014 e/cm 2.

These low open-loop gains correspond to a reduction of roughly 4

percent in the closed-loop gain. Average pulsed circuit gain was measured

as 101.5 (closedloop) initially and 103.7 as a final value. Obviously,

the closed-loop gain of these operational amplifiers could not have

increased above the initial value unless the input impedance had degraded

severely. This increase is roughly equal to the experimental error.

Average closed-loop gain l-week post radiation was measured as 96.2.

This decrease is a real change, but, because the experimental uncertainty

is about one-half of this change, it is not possible to meaningfully



-73-

compareoperation of the pulsed and dynamic circuits. However, the

relatively large change in the static circuit compared to that of

the pulsed circuits is easily recognized as a significant difference.

It is remarkable that post characterization measurements taken 5

weeks following the radiation showed no real differences between irradiated

groups. Static, dynamic, and pulsed circuits exhibited open-loop gains

degraded between 33 and 40 percent. The statically operated circuits

appear to have recovered from their very low gain condition. An increase

in bandwidth was evident in all three irradiated groups. The statistics

show a strong difference between the pulsed group and the control group,

and somewhat smaller differences when comparing the static and dynamic

groups to the control group. The increase in amplifier bandwidth

is consistent with decreased minority carrier lifetime which one associates

with bulk damage. Figure lOc, which shows pulsed amplifier response

immediately before and after irradiation, also illustrates this effect by

way of an improvement in rise time. All of the exposed groups experienced

increases in bandwidth of from 1.8 to 3.0 times the initial values.

Significant changes occurred in the gain of both NPN and

PNP-type transistors of all irradiated groups. The NPN transistors

experienced gain reductions of between 49 and 52 percent, depending

upon the group. No significant differences exist between irradiated

groups. All irradiated PNP transistors, regardless of grouping, degraded

from an initial gain of 8 or 9 to a final gain of somewhere between

0.2 and 0.6. This result was expected since these devices are lateral

PNP structures with wide base widths, and hence less radiation resistant

to bulk damage. The circuit function of these PNP transistors is noncritical,

and thus even a 50 percent reduction in gain should not greatly affect
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amplifier performance. The fact that both PNP and NPN transistors

degraded similarly regardless of bias grouping is strong evidence that

the damage was in fact due to bulk damage.

The saturation voltage (VsAT) , as it is used here, is defined

as the difference between the supply voltage (_ 12 volts) and the

saturation voltage of the pertinent output transistor. That is, (-) VSA T

represents the maximum negative voltage capability of the output, and

(+) VSA T is the corresponding positive limit. The pre- and postirradiatlon

characterization measurements of VSA T were the same, at least as

nearly as could be determined with an oscilloscope. Measurements made

with the chart recorder, which has better resolution, show definite

reductions in VSA T during the exposure. Circuits operating in the

static mode showed reductions of between 5 and 18 percent in (+) VSA T

and 7 to 13 percent reductions in (-) VSA T. Pulsed circuits operated in the

static mode experienced smaller reductions in (+) VSAT, only 2.7 to 4.5

percent. No conclusions can be drawn from the data of (+) VSA T (which

shows increasing (+) VSA T) measured under pulsed conditions, since

the pulse width was insufficient to allow circuit stabilization. It

should also be noted that the static group was operated with I K-

ohm loads, whereas the pulsed group was not. This is the reason for

greater VSA T values of the pulsed group.

Although the statistics do not indicate a significant difference

in input bias current(ll_ it should be obvious that the general trend

is toward greater currents. With the exception of a very large increase

(II) This current represents the sum of currents flowing from inverting

and noninverting inputs to ground, and hence is twice the current

normally specified by the manufacturer as "input bias current".
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in one unit (#13) of the pulsed group, all exposed units increased

from an initial value of about 0.5 _A to 2.5 _A. This represents

an increase in leakage current of the input transistors and results

in reduced amplifier input impedance.

The resistance of a substrate resistor, nominally 20 K-ohms,

was monitored in order to determine whether significant changes in

bulk resistivity had occurred. Increases in resistance varied considerably

from device to device, but no outstanding differences were noted between

groups. Average changes ranged from 5 to 9 percent above initial.

The measured resistor was the only substrate resistor in the amplifier

and performed a noncritical circuit function. Because it was a substrate

resistor, the changeswhich occurred were probably greater than changes

in the diffused resistors, due to the higher resistivity material employed

in the former type. No meaningful changes or trends were noted in

amplifier common mode rejection ratio.

Analysis of Test Data for Micropower Circuits

Philco PL987

Philco's PL987 is a mlcropower MEL (Micro Energy Logic) NAND

gate fabricated using silicon planar technology. A typical gate has a

propagation delay of less than i00 nanoseconds at an average power dissipation

of 440 microwatts. The first failure was recorded after an electron fluence

of 1.45 x 1015 e/cm2_ at which point the irradiation was terminated. At

this point the low-level voltage (Vzero) of one device had exceeded the
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manufacturer's specified limit of 0.215 volts. The average static

circuit output low level had increased by about 14 percent. The multi-

stage propagation delay for the dynamic circuits had increased by

32 percent. During the 1-week interim between the irradiation and

the monitored parameter retest the parameter values generally showed

only slight recovery. The pulsed circuits operating in the static

mode, however, showed an average increase of 19 percent in _ero which

continued to increase to 35 percent by the post radiation 1-week measurement.

The degradation in electric parameters can be attributed

principally to decrease in gain of the output transistor. The decrease

in gain as exemplified by the large decreases in output drive current

capability (-36 to -43 percent) is not necessarily reflected in the

changes in storage time (-2.5 to -4.5 percent). This would indicate

that the gain change is not critically dependent on minority-carrier

lifetime changes in the base region, but on surface recombination velocity

and emitter efficiency. The low operating currents of the transistors

accentuate the importance of these latter effects. The irradiated

circuits are still operable at room temperature. Primary design difficulties

will result from increased low-level output voltage at the low temperature

extremes. The radiation failure level can be extended by reducing

the permissible fan-out. This step will provide a greater drive current

to each of the remaining load circuits, and consequently lower their

Vzero output characteristics.
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The input parameters, input drive current, input leakage

current, and input voltage levels show no changes of engineering significance.

However, the input leakage current does show an interesting statistically

significant decrease. The cause of such a change is not presently

explainable, but was also observed in the T2L gate and flip-flop circuits

of last year's program.

The pull-up resistors increased slightly greater than i percent.

The rise, fall, and delay times show significant increases of roughly 40,

75, and 25 percent, respectively. The storage time shows small changes

which do not appear to be statistically significant. Changes in these

transient parameters are consistent with general transistor gain and VBEon

degradation, and would account for the changes in multistage propagation

delay. Generally no statistically significant differences appeared among

the test groups.

Westinghouse WSII3Q

Westinghouse's wSII3Q is a micropower complementary flip-flop

fabricated using a planar epitaxial process. A typical flip-flop has a

counting rate of i megahertz and an average power dissipation of 500 microwatts

if operated at a supply voltage ef 3 volts. The tested devices were taken

from a research production run and as a result are not likely to be

representative of later devices.

The first failure, a decrease in the high level output voltage

to below 2.50 volts, occurred at 8.0 x 1014 e/cm 2. The irradiation

was continued to a total exposure of 9.4 x 1014 e/cm 2. At this point

the average static low level output voltage had increased by 118 percent
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to 0.142 volt while the average static hlgh-level output voltage had

decreased only 5 percent to 2.73 volts. The pulsed circuits showed

an increase of 177 percent in low-level output for the static operating

mode. This increased by the post radiation 1-week measurementsto

215 percent. Still the average low level voltage was only 0.183 volt.

It should be noted that a direct reset pulse had to be applied continuously

to the static circuits to keep the circuits in the proper state.

The degradation occurring in this device type is principally

due to decrease in transistor gain. The clocked input threshold voltage

showeda significant decrease of 13, 38, and 23 percent for the pulsed,

dynamic, and static circuits respectively. These changes are consistent

with the slight decrease in clocked input current resulting from increased

forward diode voltage and decreased transistor gain. The clocked output

voltage levels showedsignificant changes. The low-level output increased

and the hlgh-level output decreased. This would be expected since

these levels are determined by the saturation voltages of the complimentary

transistors. The direct-set transistor saturation voltage showed, as

expected, statistically significant increases of 519, 693, and 708

percent for the pulsed, dynamic and static devices, respectively. Changes

in the power supply current, clocked input leakage and drive currents,

direct set-reset threshold voltage, direct set-reset input drive current, and

minimumvoltage amplitude to trigger were sufficiently small as to

not be of engineering significance. The transient parameters showed

no statistically significant changes. The general trend for these

parameters is for the rise, fall, and delay times to increase and storage

time to decrease.
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For the direct set-reset transistor saturation voltage,

the input threshold voltages and the output zero voltage with full

load there appears to be significantly less degradation in the pulse

circuit group than in the dynamic or static groups.

It is interesting to note that the low-level output voltage

even with its 118 percent increase had only reached a voltage of 0.142

volt. The failure limit for low-level output voltage is 0.500, well

above the value obtained. It is difficult to predict how much more

radiation the NPN transistors could absorb before the 0.500 level

is exceeded.

The period of operation in a radiation environment may be

changed by the type of loading placed on the output of the circuit. WSII3 Q

can be loaded both to ground and to Vcc. This device was loaded to

Vcc during irradiation and yet the high-level output decreased to

the failure limit. Since the high-level voltage in this case is the

saturation voltage of a PNP transistor, it is very likely that the

device may have failed earlier if it were loaded to ground.

Analysis of Test Data for MOS Digital Circuits

General InStrument 7532

The 7532 is a dual NOR gate which is constructed on a single

monolithic silicon chip utilizing MOS technology. These devices were

exposed to 1.5 Mev electrons. The lower energy electrons should be
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more destructive to surface conditions and hence be more deleterious

to circuit operation.

The first failure occured quickly at a fluence of less than

2.5 x 1012 e/cm2. The exposure was continued to a total fluence of

5 x 1012 e/cm2. At this time the average static low-level output had

increased by 113 percent while the average static high-level voltage

had decreased by 24 percent. Both voltage levels exceeded their specifications

of -4 volts and -9 volts at approximately the same time. The ring

oscillator failed before the static circuits at 1.2 x 1012 e/cm 2.

The oscillator, once exposed, was not operable until the post radiation

plus 1-week measurements when the supplemental load resistors were removed

from the individual devices. At that time the multistage propogation

delay had increased by 4,150 percent. The worst-case load, 47 K-ohms

to ground, was applied to the oscillator circuits during irradiation.

This load may seem severe. It is, however, the same load that is

specified for worst-case fan-out of 7 for General Instrument's 7531 (MEM 529).

To provide contrast between loaded and unloaded units, it was decided

that the load card for the static units would not be used. The difference

in failure rates due to this change in procedure was partially masked

by the short time to failure ( < 25 seconds), but is indicated by

the first failure points of the dynamic and static circuits. The pulse

circuits showed only small (2 - i0 percent) average changes in the

Von e output level.

The changes which occurred during the exposure can basically

be attributed to increases in gate threshold voltages ranging from

7 to 47 percent. The d-c transconductance decreased in all cases. It may
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appear, however, as though there is an increase for the pulsed group, but

this is caused by one sample number 13. The reason for this odd change is

not known. Although the d-c transconductance may appear in this case

to be a significantly large decrease, it may in reality not be so

large. The reason for this is that the transconductance was measured

at constant gate- and drain- to source voltages, corresponding to

different values of drain currents in the before and after measurements.

It is known that shifts in drain current may directly change the transconductance.

The drain-to-source current also showed significant decreases which

can be attributed directly to increases in gate threshold voltage.

The change in high-level output voltages were about 4.5,

-43, and -32 percent for the pulsed, dynamic, and static groups, respectively.

The decreases in Yon e might best be explained by increases in drain

to source leakage currents. Other data (6) have indicated that leakage

currents can increase by four to five orders of magnitude after an

exposure of 5.00 x 105 rads or approximately 8 x i0 12e/cm2. Such

current increases could cause decreases of the magnitude observed. Signifi-

cant increases were noted for the input voltage levels. V with
zero

the output unloaded showed changes of 47, -3, 17, and -3.5 percent

while the Von e with the output unloaded showed changes of 25, 7,

9, and -0.5 percent for the pulsed, dynamic, static, and control units,

respectively. However, when the devices were loaded to ground, the

Von e level showed increases of 29, 20, and 30 percent for pulsed,

dynamic, and static groups, respectively. The low level, however,

would not operate for the dynamic and static circuits. The pulsed

(6) Gordon, F., Jr., and Wannamaker, H. E., Jr., "The Effects of Space Radiation

on MOSFET Devices and Some Application Implications of Those Effects", Paper

at IEEE Annual Conference on Nuclear and Space Radiation Effects, Palo Alto,

Californis (July 18-22, 1966)
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circuits showed a 27 percent increase in low-level voltage. These

changes would be expected since this is essentially an increase in

gate threshold voltage.

The low-level output voltages showed inconsistent results

for the dynamic and static groups. For gate 3(A) the gate threshold

appears to increase, but for gate 4(B) the gate threshold appears to

decrease. The only known difference between these two gates is that gate 3

Was used for circuit operation during irradiation Ghile gate 4 was grounded.

The reason for the decrease is not apparent at this time.

The rise, fall, delay, and storage times showed significant

increases. The storage time had changes of 6.7, 90, and 80 percent. The

fall time had changes of 15, 207, and 175 percent. The delay time showed

changes of 38, 175, and 131 percent and the rise time showed changes of

iii, 201, and 228 percent. For MOS transistor inverters, the switching

times depend not only on device parameters, but also on the circuit parameters.

Wallmark and Johnson's book Field Effect transistors: Physics_ Technology

and Applications indicates that, although no straightforward dependence

can be cited for the "turn on" of a resistor-loaded inverter, "turn-off"

time is clearly proportional to RLC O time constant. RL is the load resistance

while CO is the output capacitance including that of the driven load. Since

in this case a portion of the load is an MOS transistor biased to serve as a

load resistor, we could expect changes to occur in the transient parameters

as changes occur in the load device.

Significant differences were noted between the biased and unbiased

samples. The unbiased samples showed less degradation than did the biased

samples except for the input voltage levels which showed more change for



-83-

the pulse units. Generally there was not a significant difference between

the two biased groupings. The differences between the biased and unbiased

sample might be expected if one considers that the damageis due to surface

damageor channeling which is highly influenced by electric fields.

Someimprovement in device operation in a radiation environment

might be achieved by changing the bias levels on the biasing transistor.

To what extent this will affect the useful operation of the device is

not known. It will not, most likely, extend the operation by more than

an order of magnitude of electron fluence.

It should be noted that, due to the type of failure occurring

(decrease in high level output), decreases in fan-out requirements may

or may not change the period of operation for this device type in a radiation

environment. The change dependsupon which output level causes the device

failure. Failure of the high level maybe effected by changes in load depending

upon magnitude of the loads and the apparent magnitude of the drain-to-

source resistance of the transistor used as a pull-up resistor.

General Instrument 7531(MEM529)

The 7531 is an RST MOS Flip-Flop which is constructed on a

single monolithic silicon chip utilizing MOS technology. These devices

were exposed to 1.5 Mev electrons.

The first failure was almost immediate, occurring at a fluence

of less than 1.2 x i0 II e/cm 2 or in less than 12 seconds of exposure time.

The irradiation was continued to a fluence of i x 1012 e/cm 2. The failure

mode for the static circuits was a change in the high-level output voltage
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to a value which was less negative than -I0 volts. The low-level output

voltage remained at less than -0.I volt. The dynamic circuits failed

almost immediately and later also were not holding state. As a result no

dynamic measurementcould be made. The pulsed circuits showedslightly

smaller changes than the static circuits and showedessentially no recovery.

It should be noted in looking at the data that manyof the devices

appear to have degraded enough to be inoperable in the clocked mode. The

information obtained from the tests on VTH-3 and VTH-6 is not sufficient

to offer any explanation to this problem.

The other input voltage threshold measurementon the direct set-

reset inputs indicates a definite decrease in gate threshold voltage. This

is not inconsistent with what has been observed in single MOStransistors

since this change is caused by the specific circuit characteristics.

Assuming the expected to happen, that is, the gate threshold voltage to

increase, then it follows that the cross-coupled transistors would turn

"off" with less voltage change. The direct set-reset transistors would

not have to be turned on as hard to get this smaller voltage change, resulting

in an apparent decrease in gate threshold voltage. Another factor which

could aid slightly the decrease in the voltage required to change the cross-

coupled transistor would be an increase in leakage current. Increased leakage

currents would reduce to maximum drain-to-source voltage for these

transistors.

The limited number of devices on which transient parameters

could be measured indicated increases in the rise, fall, delay, and store

times. This would be generally expected as mentioned in the analysis of

the 7532.
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The Von e output voltage levels loaded showed changes of -2,

-59, and -55 percent for pulsed, dynamic, and static circuits and the

unloaded outputs showed slightly smaller percentage changes. This decrease

can be explained as for the 7532 by increased leakage currents.

The changes in minimum clock pulse width and amplitude showed

no significant changes.

Significant differences in groups were noted for most parameters.

The pulsed group changes less than either the static or dynamic groups,

but there was never a significant difference between the static and dynamic

groups.

Fairchild _M400 (now called pM-3400)

The _M400 is five monolithic MOSFET devices Sharing a common drain.

These transistors are p-channel enhancement devices made by the diffused

silicon planar II process. The devices were irradiated with 1.5 Mev electrons.

For operation in the electron environment, the devices had their source terminals

tied together and to ground and the drain terminal tied to -12 volts through

a 10-K resistor. In this way one package (five transistors) functioned as a

five-lnput NOR gate. The test conditions may not have been best for maximum

efficiency.

The first failure for these devices operating in a static gate

configuration was recorded at less than 1.2 x i0 II e/cm 2 or less than

12 seconds of machine time. This almost immediate failure would indicate

a possible rate effect due to the flux of i010 e/cm2-sec. A lower flux,

more similar to that in space, might result in less significant degrada-

tion for the same fluence. The exposure was continued to a total fluence
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of 2.5 x i0 II e/cm2. It should be mentioned that the failure limits for

this device of -4 volts for Vzero and -I0 volts for Vone were arbitrary

and set by Battelle. The failure limits were made to be comparable to

those of the other MOScircuits for ease_6f analysis. The gates operating

in the static configuration showedaverage changes in Vzero and Vone of

205 percent and -i percent, respectively. The pulsed circuits operating

in the static modeshowed48 percent increase in Vzero. While operating

in the pulsed mode they showeda 70 percent increase in Vzero. The ring

oscillator functioned only a short time. By 4 x i0 I0 e/cm2 the amplitude

of oscillation had decreased 55 percent and operation ceased shortly

thereafter. At 4 x i0 I0 e/cm2 the multistage propagation delay had not

changed.

The changes which occurred appear for the most part to be the

direct result of increased gate threshold voltage. The gate threshold

voltage showed changes of 15, 55, and 39 percent for pulsed, dynamic, and

static circuits. The "on" drain current decreased 30, 54, and 50 percent

while the transconductance decreased 12, 39, and 22 percent for the pulsed,

dynamic, and static circuits. The dynamic drain resistance generally

increased. The draln-leakage current appears to have increased, but not

enough to cause the decrease in Von e output voltage observed at post-radiation-

plus-l-week measurements. A partial reason would be that the measurement

was made at -i0 volts instead of the -12 volts used for gate operation.

The breakdown voltages, the gate to source, gate to drain, and gate to body

capacitances, and gate leakage current showed no significant changes. The

nonsignificant changes in the capacitance measurements were a little surprising

since it was expected that surface-charge changes would appears as a change

in these capacitances.
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Analysis of Data for Dielectrically Isolated Circuits

Radiation Incorporated RD210

The RD210 is a dielectrically isolated DTL NAND/NOR gate. This

is an ultrahigh speed gate with a typical propagation delay of ? nanoseconds

which is fabricated using passlvated epitaxial techniques. Typical power

dissipation is I0 milliwatts.

The first failure, Vzero exceeding 0.400 volts, was recorded after

an electron fluence of 4.15 x 1014 e/cm 2. The irradiation was terminated

shortly thereafter at 4.6 x 1014 e/cm 2. At that point the average value

of the static low-level output had increased by 29 percent.

The observed degradation in parameters can be attributed principally

to decrease in transistor gain. The changes of engineering significance

were the decreases in gain and output drive current and increases in output

saturation voltage and rise time. Other parameters which had statistically

significant parameter changes due to radiation, but which were not large

enough to be of engineering significance were the decreases in input drive

current and input voltage threshold levels.

The remaining parameters, input leakage, input bias resistance,

fall, delay, storage times, and diode forward voltage showed no statistically

significant changes due to the electron exposure. At first glance there

appears to be an inconsistency with the results that the input bias current

and input threshold voltage show a significant decrease and the input bias

resistance and diode forward voltage show no significant change. The order of
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magnitude of the change in input bias current and threshold voltage are such

that small flucuations of the bias resistance and diode forward voltage

could cause the change and yet not be recognized as a change due to measurement

errors of these quantities. As with the PL987 circuit, changes in storage time,

output saturation voltage, and output drive current indicate that possibly

the transistor gain has decreased by meansother than decrease in bulk

minority-carrier lifetime.

There are several indications that this device type could be

operated to a higher fluence. First, these devices were early production

devices and had slightly higher than normal output saturation voltages.

That is, the specified typical value for Vzero is 0.250 volts while the

average for these circuits was 0.315. Second, a reduction in fan-out

requirements would lower the necessary output current drive and hence

lower output saturation voltage. And third it appears as though the circuit

could function at a specified maximum low level of 0.450 volts instead

of the specified 0.400 volt. Because these circuits were early production

items they were tested to tentative specifications which are not necessarily

applicable at the present time.

Motorola Triple 3-input DTL _ate

The sample of 20 DTL gates was broken down evenly into two groups,

the DTL-EPIC gates and the MC962 gates. The DTL-EPIC devices are a dielectric

isolated circuit while the MC962 devices are a monolithic circuit. Both

circuits are electrically a triple 3-input NAND gate using the same DTL

configuration.
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In reviewing the initial meansof the two sets of devices, several

differences are apparent. The pull-up resistor for the dielectric isolation

has a slightly higher resistance value than the monolithic circuit. The

output drive current, the rise time and the storage time are larger for

EPIC circuits than the MC962 indicating that the output transistor is slightly

different in basic properties.

The first failure for these DTL gates occurred at 3.88 x 1015 e/cm 2.

This failure was a MC962 device whose low level exceeded 0.40 volt. It should

be noted that the one EPIC device number 4 operated in the static mode showed

only a very little increase. By the end of the exposure, 3.94 x 1015 e/cm 2,

the low-level output of the EPIC device had only increased to about 0.1000

volt. All the pulsed devices were dielectrically isolated and had an

average zero level of 0.383 at the maximum fluence. This average was raised

a great deal by one device in this group whose value was 0.970 volts while

the others were 0.335, 0.239, 0.220, and 0.192. From past experience

one would generally expect the pulsed circuits to show slightly more degradation

than the biased samples.

The devices operating in the dynamic group showed decreases in

the multistage propagation delay of 87 percent. There were 3 MC962's and

2 EPIC devices in the oscillator. Indications from the summarized transient

parameter data for the two groups are that changes in these parameters

are roughly the same. Neither device type can be said to have caused a

majority of the change.
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The changes in input voltage levels, input drive current, and

input leakage current for both groups appear to be about the same, but

are not generally large enough to be of engineering significance. The

changes in the pull-up resistor, while not being of engineering significance,

are larger for the MC962 devices. The reason being that the MC962 resistors

are diffused while the EPIC resistors are thin film. The output drive

current showed significant decreases on the order of 75 percent for both

device types. This decrease would be expected with gain degradation of

the output transistors.

The transient parameters show no significant changes, but indicate,

in general, the expected trend with rise, fall, and delay times increasing

and storage time decreasing for both devices.

It appears that for this particular type of DTL gate the dlelectrically

isolated circuit is more radiation resistant than the monolithic circuit.

However, due to the indications in initial characterization of differences

in intrinsic circuit design and the lack of several samples in each condition

during irradiation, the only statement that can be made in comparing the

MC962 and EPIC devices is that there are no differences in circuit response

which can be directly attributed to dielectric isolation.

It is interesting to note how closely the changes in this circuit

follow changes in last year's circuit A-5, which is the same circuit

configuration but in monolithic form. It is expected that first failure fluences

would be about the same if the specified limits and loading were the same.
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RESULTS

In this section the effects of the radiation exposure on each of

the 17 microcircuit types are tabulated in Test Result Summary Sheets. These

sheets are intended to give a concise picture of the radiation-induced

effects as determined from the in situ and characterization measurements.

Comprehensive data may be found in Appendix III.

The computer program used for summarizing and tabulating the raw

data is presented in Appendix IV.

A discussion of the summarized data format has been presented at the

beginning of the previous section "Analysis of Data".

Symbols

The following symbols are used in the data result summaries:

BALOUT DC - Balanced d-c output level

BVDSS - Drain source voltage breakdown

BVSDS - Source-draln voltage breakdown

BW - Bandwidth

CGB-2 - Gate body capacity for transistor 2

CGD-2 - Gate drain capacity for transistor 2

CGS-2 - Gate source capacity for transistor 2

CMRR - Common mode rejection ratio

DISTORTION - Percent distortion in output

GAIN - Circuit gain

GM - D-C Transconductance

HFE NPN - Gain of NPN output transistor

HFE PNP - Gain of PNP output transistor
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IDSS-2 - Drain leakage current for transistor 2

fIN BIAS - Input bias current

fIN DRIVE- Input drive current

IIN LEAK- Input leakage current

IIN LEAK-G-2Gate leakage current for transistor 2

lOUT DRIVE- Output drive current capability

IPOWER- Power supply current

ISDS-2 "On" drain current for transistor 2

RI2 or RII0 - Resistance between pins I and 2 or pins i and I0

RDS- Dynamicdrain resistance

RIN - Input Resistance

RPULL-UP- Pull-up resistance

T-RISE l

T-FALL Transient parameters
T-DELAY

T-STORE

TW - Minimum clock pulse width required for operation

VA - Minimum clock pulse amplitude required for operation

VFORWARD - Input diode forward voltage

VMX ZERO-I }

VMIN ONE-I Input voltage levels for
VMX ZERO-8 a fan out of i and 8

VMIN ONE-8

V OFFSET - Offset voltage

VOUT 1-4 _ Output one voltage for

VOUT 1-7 / pins 4 and ?

VOUT 0-4\ Output zero voltage for

VOUT O-?f pins 4 and 7
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VSAT -I
VSAT 2+

VSAT i0

VTH-2 IV_-I-4

gTttC-3 >_l'I-IC-8

Output saturation with indications of pin
and direction of saturation

Gate threshold voltage for gates 2 and 4

Clocked set-reset input threshold voltage

at pins 3 and 8
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TEST RESULT SUM_ZRY SHEET

Circuit Identification Code: Fairchild lIA709

Circuit Diagram:

INVERTING

INrPUT o
2

NONINVERTING

INPUT _----;q__

INPUT FREQUENCY

CO_IPENSAT ION

' "[ 5 , • _
--J" _--_--_-o FKEQUENCY

' l ,-_, CO_;['t:;NSATION

t____ ? i!v-

Circuit Description:

Function:

Process:

Gain:

Operational Amplifier

Planar Epitaxial

32,000 Typical
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........................................................................................................ CODE _A709 ......................

GAIN VSAT.. VSaT-

UNITS XI0"_3 VOLTS VOLTS

GROUP> P

NO_,'_lil:-_R .5 5 5
INITIAL MEAN 2.784+001 1.122+001 1,110+001

.......... ACERA-GE - CHANGE ........ +0-1.500 00 2.400-001 -I,000-001
SFU OF" "":I',LAI'I 1.414+000 1.2/5-001 0 000.*000

............... AVt- PER CENT CHANGI! " -5'349$000 2.1414000--9.009-001

........................! N]E__v_,A_L..ES!_ _4A].,_...................-.] ,.1O.3_o0.]..........._.,77S:, o0.I.......-_9.00_%".o_oL................................
AS PER CENT 2.527-001 3,40].*000 -9.009-00]

.... PL_,_ CENT AVE CliAH(3F -5,3_8+000 _.]30+000 -9,009-001

GROUP 0

NU_ibtER 5 5
............ INITI.4I-..J_II_AN .................. 2.754+001.. 1.!37400]

AV t:.HA(:;E CHANGE -3.GU0+00f) 1.400-001
SIt) OF [4l_AI'4 5,105+00[i 6,124-007

AVL PER CENT (:t_ANG{-7 -1..495+00] 1.2364000

_ _ INIE_!VAL fS)It:_ATE " ,3.395+001 6.36]-001
AS PER CENI 7,222+000 I.R374000

............. pt_ .C.E,_T_.,>rE. Ct_A'7r_r.... .,_..1.3L_6+O0] i._37+000

5
1.1.04400] .............................
0.000+000
1.118-001
3.27_-003

-1.125+000 ............
I,Ii_5+000

0,0004000

:?.,

GROUP S

NUHSER 5 5 5
INI flAL r,IEAN 3.0264001

AV},:]R,_GE CHANGE -2 • 700 ," 000
STLi OF _.![iAi4 2.2994000
AVr PER C_N:I CHAi,iL_k ,-9,11_+000

........... IN1E.RVAL_ ES_IIIiHA] F_._ _-1.-f36+001
,_.S PER CENT -4.847-001

1.126+001

2.000-001
1 .b_]-O01

1,776+000
2.]70-00]

3,3354000

1,llO+O01 _ _
-8.000-OOP
I,_58_001 .......................
-fiR07-001
-2,1794000

7.375-001
......... pEi4 CP__,_l AVE CIiA!'JG[- -8.9234000 1.776',000 -7.2.07-001 .................

GROUP C
.................................................................................................................................................

NUi"lbip 5 5 5
t_ ...... INITIAL _,iEAN ........ 2..766+001 1,12n4001. 1.1024001 .....

AVI::RAGE CHANGE 4,600-00[ 1.000-001 4,000-002
............ SID OF MEAN 2.449-001 7,906-002 1.275-001 ....................

t. AVt" PER cENT ChAi',iGF_- --1,666+00C) 8.P81-001 3.686-001

......... ....... INIEE\!A .L ESTI;-!._AI.E ............. 6.797-001 ...... 1,0£3-001 ...........................-9.215-001 .......
AS PER CI/N[ P..646400Ci 1,665+000 1.647+000

( ....... PER. CENT AVE C _ _I pI I (_ _ I 1.663_+000 8.86.5-001 _. 3.630._00! ..................

...... [TTLST 2°37?÷000 1.£86+000 . 2.183+000 ...... 0.000+000

12

II

',T

7

5

.!

.I

T-TEST
GkuUPS P-D 1.333+000 1.562+000 -1.581+000 O.OOO+O00
Ot_u UI.-'S P-S 7.340-001 6.247-001 -3. ]62-00]. 0.0004000

G_<uUPS P-C -i, ICJg÷O00 _. 1_46+000 -2,_J 44000

6,_,P Lli-' S [) --S -5,994-00t -9.370-001 1,765+000

Gt'<uUPS D-C -2,532'_ OOC) 6,247-001 -6,,325-001

...................... 6_UUP %-"S-_C........................ "_1,933+000 _ l._b6?+OOO -I.B974_O_OQ ...............
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coda _A__70.9..........................

8W I IN BIAS V OFFSET CNRR

UNIIS HZ NEG AMPS t4V OB

GROUP P

INITIAL, MEAN 6,840+00._ 6.60R7007 6,380-001 . 9..46ft+001
AVCRAGI! CHANGE 4.1t)O+O01 1.98#-007 F..?O0-O01 8.800-001

STD O[: NF-AN ............ 7.679+001 1,044--007 ...... 4.459-001 __. 1,499_+000
AVh PE_{ CE,_I CHAt,iU[, 6.701_000 2.984÷001 6,546÷000 8,937-001

IN FERVAL. ESTINATFJ -6.472÷000 1.748+001 -3.528+001 -8.283-0CJI

......................................-A-S-#_--C__Y ............... 1;-_ 4C;:;O-O-i..........4 2i_ 7* b di ........ i .i 99 +60-_.... _ .¥;g_;- o-go........
pgR CENT AVE CHA_t_E 5.99,++000 3.007+001 : 4.2,.37+001 _9.294,001

GROUP U

NU('_F_ER 5 5 5 5

INITIAL HEAN 6.580÷002 ?.,177-006 ........ 4.000.-001 .......... 9,_-(1.0+0_01 ..
A V[=I<A(4K C tlt_I\VAk 4.800÷001 3.752-006 2.018+000 -i.000+000

S]O OF NFAN ...... 8.844+001 8.337-006 _. 4.'139+000._ 1.2.5_i+001
......... AVE. PEReEl4/ C_.ANG_!I 7.0P.,P,+000 1.14&+002 2.137+002 1.578-001

INI_RVAL ESl l_,iAl}}i -7.630+000 -2.577+002 -8.111._002 -i .542+00],
......... AS- PFI}< CLbJI .... 2.222+00! 5.q74+007 i ,870+003- " 1 .-336*00i

.................. P.E i_. CE!_'!- AVr.- .?-tJA,46E ......... _(.-295+000.. 1.724+002 .... 5.045_+00? .......T!.q_30*00.O..

GROU _ S

c _ NLJ_'iLIER .5. 5 5 5

_ INITIAL N[_AN 6.6(6+002 5.438-007 1.176+000 9.924+001

...... A V _ii__\73i__(lliANG< .......... 3.140÷001 3,10R-007 2.032+000 -3.340+000

......... SI'J OK I,iFLAN 6.45g'+0()1., 2,773-007 .... 2,509+000 ...... 5.43!i!+000
AVt P[-R ChNT CHA:'}k_E 4.905÷000 6,111+001 6,753+001 -3,3-/0÷0(10

IN I E_VAL E511MATh -6.03g÷000 5,328-001 -6o41t_+001 F9.{_4] +000
"- ................ .ii.S PER CEN] " --1.5'_5.001 I.]38÷002 " '+.097÷002 ?_.7'i0*000

PER CENT AVE CFIAFqGE' 4.703"000 5.715÷001 I.7'2f_+002 -3.366+000

GROUP C

N U ,4t._E R 5 5 5 5

-' " INI]IAL HEAN 7.170.002 5.536-007 7,040-001 9.942+001

........... AVLf{AcSC ChAi_@E ...... 8,000÷000 - 1.00a-O07 - 1.000-002 " " 6.00oLO-OI

........ ST u. OF- NEAN ..... 5.297'+001. 1.(-,60-007 - _ 2,622_-n02 ..... 1,.696+0Q0
{_ AVE PER CENI (IHA_,_(SE 1.359',000 2.20?+001 1.065"_000 6.670-001

INI ERVAL, E5I IHAI E -7.068÷000 -1.5OR÷OQ1 ....... - 2_. 7' ! 5 t.O 00 ___- ]_. 2_9 O + Q.0_Q......
................................. AS -P_L_-C_-T ...................9.3__0;006 _- 5.!_9+ool b.ss_,÷ooo 2.497÷0o0

( ................ pE> Ct--NT AVE Ct!Af-qc_£. _!.:116*000 _ .1o821_'001. 1.420".'000 .... 6 .._0 "35F_0 01 .

F, T KSI ............... 3.677-001 1.134+000 1.032+00(I 4.85,S-001

T-TKSI

_: .......................................................G_uuP:s P-_ 'f.7_0-00i--i'_07÷000- -1,_/<,_t"r_dO .........4-.-i/_-4--0b-i .....
_ GRULP,_ " P-S 2.359-001

_<' GRuLiI_S P'C 8-110-001

• G_v;IJPS [)-S 4-Oe_O-O01

Gt_;OUt-'S I)-C 9 • f_,30- 0 f] 1.

..................... 9._._,u_'.S..s.rc .................... #._-_!,ou t _
n

"?'i

.;

2

-4. 766-007. -i. 15_+00;) I. 07z'-+O00

4.1B£-002 1.708-001 7 • 1 ?__8-(}02

I .459÷000 -9. 199-003 5oQ57-001

1.5q£+000 1.319+000 -4 • 07L'_-.00, I

_.u {j47002 ...... ! •.3_9+ oo_o___.-]., rto_,__+oo_7...
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TEST RESULT SUMMARY SHEET

Circuit Identification Code: SE505G

Circuit Diagram:

v-_-J
Component values are typical

-_3_ KJ
-0

_620 I0

470

Circuit Description:

Function:

Process :

Gain:

Differential Amplifier

Planar Epitaxial

1,800 Typical
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CODE SE505G

I Ir_ ELIAS GAIN R-I,2 R-I,10

UN1TS AHPS K OftMS K OHMS

G_OUH P

N UM U E R 5 5 5 5

.......... Ir_llla L #iEAN . . -2.754-005 .3.733÷003 2.996f000 . 3..0!3+000
Av_NAGL CfiANGE -3.622-005 -1.120+003 5,000-002 4.960-002

..................SID OF M EAq . _ 2.2--10-006
AVE PE_4 CE_qT CHA_q(SE 1,324+002

.....................I!T4T E_v _\L.E #_T.lMA.T E .............i..4P.4 ÷ 002.

AS PF__i_ C.ENT 1.226+002

.... pLi4 CEhl ! AVE .."-' . "-CI,AI,JGE. I .315+002

1.757.002 1.093-002 7.730-003

-E.995+001 1.675+000 1.647+000

-3.524+001 ._ i._64+000 ........1.361t000 .......

-2.479÷001 2.0"(44000 1.931+000

-3.001+001 1.6694000 }.646+000

GROUP u "

NU_'i6ER 5 5 5 5

................ l..'_ i [ ! AL. 14[- A.,q.................. -2.: 6.-/'6- 005 3._750+ 003 3. 097 +.0()0 ....... _3,0.96_ ? 0 O0.....
A V Li_AGV_ C H/ki_lG_f -3.342-005 -9.582+007_ 4.400-002 4. 760--00_

................ SlO Oi': MEAN ................ 4.706-006 ., 7..267+001 1.052-007_ 6,403-003
AVK PER CFNT, CI-IANGI::; 1.253+002 --2.5:_,.+001"_5 1.41P,+O00_ 1 .545+000

INI_RVAL E-II!AATt; 1 4:_.7+002 -2 7704001 1.044+000 i 30_4000

AS PER C[:NT 1,0!.,41+002 -2.340.+001 1.7984000 1.767._000

........................p__.!__...cE.N.'[....A.V_l..C!i_/__G__..........I..249 tO 02 .._,2. 555_ 0 O! .... l..-42.1.+000. __ I_._'._3._(_t__q0O_.....

GROI-JI J S

_,-' Ihli ]1AL t,'tE _,_N -2,8.[ 6-005 3.791+003 3.251+000 3.2734000

: A ViiRAGE CH_NGE -3.066-005 -I.034÷003 1.972-001 1.966-001

_ STU OF H.F;.A_4 ........................ ?- (-,29+002 3.562-00] 3.391-00i .......=- - ....... 3,.819-006 .... , .....................................
AVh P t:L_< CtiiqT CriA!It4E 1.1<}3+002 -2.705+001 6.655+000 6,524+000

, _ Ii'41E_-_VAI f:STIMAIE 1.2'_394002 -3 z,-97+001 -6,1004000 -5.4974000

AS PER CENT 9,3M2+001 -1.9574001 1.8234001 1.75140,01

PER CEI',_T AVE CHA_'JGE 1.0,:'_'-)+002 -2.7274001 6.067+000 6.006+000
.................................................................. 71......................... -..................................

GROUP C

(i .... J...... !r'l.[l/ij_L I-lEA N ................ -2.8(_8-oo5 . 3.777+00 3 3;146t00 o _ 3..168+000
AVLR'_GE CHANGE 5.200-007 0.000+000 -1.360-002 -] .340-002.

......... S[D .OF MEAN .............. 3:4;z_2-.007...0.000+000 ...... 3.674.-.O_O3 _4..TB37_.Q.03
_ AVE HEIR CEr4T CHAf,,tGE -1.S144000 0.000+000 -4.439-001 -4.326-001

..........................!N.f E _XA I__.E.S .T.!,4A[._...........- .4.650 --0.01 .... 0_.000÷.._00_.0......._.-5._,.6P.3-.0_0_I___r 5__..907-0_0__I_.......
AS pF__;_ Cr,;t,lT -3.t01+000 0.000+000 -3.028-001 -2.554-001

(_; ................. Pt.!< CF_)T.._A/.E CHANGE ..... .-_1.813+000 O.O00-t-O00 -4.325-0.0_1_ ...... ,'4.?.30-091

........ F-T__LS I" ................... !.734+002 6,#9#4001 1.590400_0 1.7304000 ..

[/
..............!r3Es) ....................................................................................................................................

_ G_UUPS P-O -1.5224000 -i.767.000 5.950-002 2. 084-00_.

i _'.............G HUUpS.P-5 .......... -3.0_?+000 -9.436--001 ,1.460+000 ....-1.53R+000

:-_ G_OUP._ P-C -1.997+001 -1.221+001 6.307-001 6.565-001

_ . G._L)Ut_5 l)-S -1.500+000 8.'2_38-001 -I .519+000 -I .553+009

; : GI-'_'; LI_' S O-C -I.S'_5+OOI -1.044.001 5.712-001 6.357-001

z G_ULJ_S S-C -1.695+001 -1.126+001 2.091+000 2.18g+000
5

3

Z



........................................................................CODE SE505G

V SA[ 2* V SAT 2- _ V SAT 19÷ .... V SA!. _}0_ ...........

UNI-[S VOLTS VOLTS VOLTS VOLTS

GROUI -_ P

NUI-'iU, E _ 5 5 5 5

INII'IAL NEAN ............... ?_.620+000 .... 1.680÷000 .... _2,6B0+000 _ 1:700+000 ........

AVe.RAGe CHANGF. 8.000-002 I.?00-001 1.200-001 1.000-001

......... STU..OF FIE AN ......... 1..458-001 5.000-002 _ 5.000-002 ...... 6..743_00.7 ........
AVE PEi_ CL_qT CYIAb:U_ 3.269*000 7,206+000 4.501+000 5._82+000

INILI_VAL ESI IMA[E -3. I_5*000 3,83_*000 2.406+000 5.882*000

........... P_i¢ CE_,!I_ A_V_kl_CHANG{7 .3.053*000 .... 7,1,}3.0.00 ...... 4.478_+000 __ 5.88g+000 ........

GP,OUP L)

........... .--U._ ..,. _, -- ........................ 5 ....... S ............ g ................. -5 .....

............... I!_ _ T I AL...r:_E&. N ...................... ?.. 700+00.0 ........ ! .700+000 ....... Z • 700_+.0 q_O......... 1..7 QO._*0 O0 .............
AVrLRA(5< CHAr'aGE 0.000+000 1.000-001 1.000-001 1.000-001

........ S]/t) UF MEA,_ ...... 0.000+000 6.743-00? . 6.743-007 .. 6.7c3.-007
AVt_ PEH ('E..,ql CH_,I,i{_-,_ 0,000+000 5.E4}3_+0C;0 3.704÷000 5.BEI2.O00

............. !NIE_<V_L. ESII!-_AIK .... 0..000.000 . .b,_S2+O00 .... 3°-(04*000 .... 5,88;-'+000 .......
AS PER C_LN[ 0,000+000 5.Be?÷O00 3,704*000 5,._{_?+000

.................. p.Ki__C _:{.tT Av __.C__!A.r'___......... 0,000 * 000 ..... 5 • _:_ 2.* 000 ....... 3.,..! O._.t 00.0 ....... 5,88)Z +00.0 .....

G}_OOi _ 5

'::, NUHI)t_(_ 5 5 5 5

INI[IAL .P!EAN .......... 2°660+000 ....1.6_0+000 _ 2°62_0_+0_00 _ 1,700"000
........... i _ " • • •AV:RAG_, CMAI',!G_. -2.000-002 1 2.00-001 1 200-00]. 1 000-001

,STb OF b'gAi'! ............... 1,.P.,.37-00!. _ 5.0on-o0_ .... __,.OC, O_-OO? ...... 6,7#.37".007_ ............
.................... A_h _'£F< CFLNT CHA.NG{ _ -7,917-001 7._06"0G0 4°_['9+000 5.8,_g÷000

2
Ir,alV_i<Vo.L ESTI,,tA[{I -8.421+000 3.838÷000 2.461+000 .._ 5.882,000 .

........................AS l_Fr<-CE_T ........ 6,91"/'÷000 1,045+001 6,699*000 5,882*000

pgr_ CE!qT AVE CrIA>C_E -7,519-001 .7.143"C000 ..... 4_.560+0.00 ...... 5,.887,J000_ ......

Gr4OUf' C

................... NUE.IB Ep, ...................................................... 5 ......................... 5 ........................ -5 ....................... --5 ......

Ir_ITIAL MEAr'.I 2.700+000 1 700"000 2.6_J0+000 1.750+000

...............AV}-i_L_-_(:E--C_IAi,iGi-_........... 6-'000002- " 1.000-001 9.000-007 7.000-007_

S[L) C)F NEAI,I 6.124.-002 6.743-007 . 2:500---0.07. ..... 5,000-007 ........

.......... AVh-PE_ -CEIl1 EHANbE 2,222+000 5.887+000 3,340*000 4.101+000

INIEHVAL ESI I_alE -Z.9o2-001 .....5.,_uP_?000.........2,314_+__0.0_0_.......8_:_2_l#__-__0_.0._I_......
.................................. A 5 -PEi_i 'CE-N-T .................. 4-,741.000 5.882+000 4.378.000 7.173+000

............. P._eLRCE!,_T AVE _CHA_i',.!GE..... 2.222+000 5.B82+..000 . . 3.346+000 ..... 4,O00+.ono_ _.

F-_ESI 9.645-(}01 6.667-001 . l.oOo+ooo 2.z5ocooo

T-TESI

,_ ....................... O_',-OPs -p-U ............................ i ;_ _.7 +00 o

'_ ........ GRoUFS P-S 1.459*00 _)

:_ GRUUHS P-C -- _.917-001

: G_<L,U_S o.-S 2.917-001

,: GiiUUPS t)-(', -8.752-00l

:' ................ e !.!2u2 S..S.7c...........................-.1 • 1.67, (_o o
5

0,000"000 -5, i_5-010 0.000+000 _

1.000"000 1,414"000 ?.l?),OnO

-]..OOO+O00 -9.42_-001 0.000÷000

O.O00+OOO 4._14-001 _.i?!+000

•o o o.o o o.... 1_.,._! _%*o.o o .... P..-! _._ _+o n.O.......
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CODE SEE05G

V OFFSET

Ut,' ITS PER CENI VOLTS MHZ VOLIS

GROUP P

................. !.NjL IlI_.L MEI_J_: ................. 2.680+000 . 5.160-001 . 1.22_0,000-1.]7B-003
AVe:RAGE CIIANGE -1.800-001 -5.400-002 5.580-001 -2.670-003

SII) UF MEAN 2.424-001 2.__74-002 6,490-:002 ....8.506-004 .....

AVE PEH CENT CMAr,IGE -6.032+000 -1,047+001 4.680+001 4.!04+002

....................... IN JI_EF!V ,!_L.__E_,"_[ IM.AT F ..................,1..676+ 0.01 ...... - i: 6 o O*001 ..... 3 ._983.,_ 00. I ........ -3 ._0_6__Lt00 _ .........
AS pL-ji<CEfqT 3.326÷000 -4.92(_*000 5,165÷001 1.465+007.

P _' i_ C EN 71__6_VE C r_A i,!.GE ...... ,6 • 7 ! 6 + 0 0 0.... - 1.0 4.7 +.0 0 ] __9 .. 5.1/'_4 :,. 0 O 1........ 2.2_ 6 Z _"0 0 2 ....

GROUP O
............... i ......................................................................................

NUH_hR 5 5 5 5

................. INt !]. AL__ME_.N_ ......................... 2_,.9.4 o!o 00 5,160-0Ol ..... 1 : 3E_St 00_0 ...... -_1 • 07._r003 ..........
Avr_RAGE CIiANGF -I._00-001 -3.000-007_ 5,520-001 -2.596-003

.... Sll) UF P4_;_A,_............ 2.424-00! _ 3.953-002 .....1,273-(}0] _ 8.006-004

AVL pEi_ CENT CHAr,;(SE -3.555+000 -5.920+000 4.028*001 3.080+002

IN1Ef_VA[. E5-11NATF- -1.324+001 -I.432+001 2.9514÷001 3.25] +007

AS PEi_ CENT 5.073+000 2.692+000 4.996+001 1.592+002

.................P..E_F_!._C __b_r._._ay_.i....qH.A!'!GF....._-4:9 v...z t o.oo.....-_5. _ 14_to_o o........3 ..977 too ]......2.4.2Zf o nz .......

(,F,O F S
...................................................................................................................

/.-' NLJPItSEP 5 5 5 5

_'-_ INITIAL _4EAN 2.700+000 5.206-001 .... I.?..40+000 ......,! :552-003 .

A Ve-I_AGt. CM/_NGE -!,600-001 -1.660-002 5,760-001 -2.038-003

_.................... Sl O_..UFI_. !_!_{',!'_ .......................... 3. !22-001 ...... 4. 340.,002 ........ 2. 395-00] ...... Z.936_-tqO4 ......
AVh HEF.( CE,_I Cli_,i'_GE -5.21}5+000 -3.109÷000 /+.654+001 2.038÷002

7, I _ I-EHVAI.. hSl IMAIE -1.8/7+00t -I .?.46+001 2'.601÷001 1 ._B] ÷0(12

• AS PER CENI 6.916+000 6.0_7+000 6.790÷001 7.453+001

................ P_-.___(.;.E,_.T _ AVE. CHA,'_G_I:_.... -.5.9_6+ 0.00_._ -3 • !,L_9.+.O 00 _', 645_*_00 ! .... 1 ..313_+.002

GF_OUP C

NU_,L_ER 5 5 5 5

......... I)'JIT_AL MEAN _..8/_0+000 _ 5.080-001 __ I.312+9n0 -l.Z+B4--O03...

AVtRAGE- C_ANGE ........ 4.000-002 3.400-002 -6.600-002 -2.420-004

........... S._L{__UF__MEA_ ................. 1.000.001. _ 3.500-002 ......6.643-002 . 7o.5_8.6-004 ....

AVL PE_4 CEN[ CI'IAi4GI:- 1.549+000 6.944+000 -5,850+000 1.545+002

............... I f_[ __!! v g.[,__ES[. _y_A!_ ..............-.2 : 50. l __0 09__._-.9 • 5 Z5 r 0 q I ......- 1,0 6 5,09. t ....... _.7:.30.Z__*_0_.__!.......
AS PER CENT 5.31a÷(I00 I._34÷001 5.915-001 -4.045÷001

............. PER_ CE__'_T AvE C_M..:__[._GE- ...... 1.408+000 6,69.3+000_ ,5.030*000 __1.63!+001 ....

F-TESI I.I07+000 6.457÷000 3.002+001 1.247+001

r

£

7

,L .,' .. _

.i

3

%

l-lt_l

........................... GH o 0 PS ...............................P-D j_ _ 4-/2 L 00-i ...... L-I -. i6i _ 0-0-6.......... 7 ,400-E O b-?-----_I .632----0 (_-i.........

G_<k:tj_>S I_-5 -1.491-001 -1 .._09+000 -2.220-001 -1.394+000

G_uLJHS P-C -1,640+000 -4.2.57,000 '(.695+f)00 -5.355+000

G,_.0 LJi".q 0-5 2.9_31-001 -6.4_4q-0(iI -_.960-0r) I -1.23]÷0_0

(-_OUP S [)-C '1.193+000 -3.096+000 7.622÷000 -5,192+000

.............. G'.!:U.U_PS__S-_C_ ......................... , l .4_ ! + 0 O0 . -2.4ff8.99 Q....... 7_:_9_!.-/ .t0_ o_%..... .-___.._9_§_._!_+_0_!_I_o_....
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CODE SE505G

CMRR

lJN I T S

GROUY P

NUMBER 5

............... INI.I I AL MEAN ............. #,568+001 ..............................................
AVEHAG_. C H A NGF_ -5.200-001

........... S.To O_F MEA_,I ............. 2+550-001 ...............................................
AVE PER CENI CHANGE -7.914-001

........................ I iq ],E.!/_V_.._L _EST!.!JA! E_ .......... - 1 ,.223+ O 0.0..............................................................................................
AS PER CENI -3.607-001

.............. _Pt-i< C_iNT AV E_ C!i!_r,{GE ..... -?.917-001 .....

GI-<OUP 0

NUi,;r3£_P 5

....................! t?! [ l__f_!._!.E!:_.N................................6.55_._ 00! ...............................................................................................................
AVLff;_GE CHANGE -I.IBO+O00

Slu OF I',iEAN ?.019+000

AVL F'FR CENT Ct-IA#,JGE -1.802+00n

.......... IN.IER_V_L E.SI!t'!AIE _ -5._22+000
AS PEr( CENI' 1.621+000

p tx CEqT AVE CI'ANG[. -1.800+000

GROUP S

# _ NUM_FR 5
-:_ INITIAL MEAN 6.566+001

AVERAGE CHANGE -6.400-001

_- ................. Si" U UF I_'_EA['_.............. 7.441,001 ...........................................................
AvE PEI_ CENT CH_NUE -9.726-001

:;........... ! N [_t!-_V AL ES[IP4AIE ...... :-2. 233.': 000 .......................................................

AS PER CENT 2.837-0UI

............. PEH_CELNI AVE CH#,_4GE __. _,_9,7'j-7+'rO_O] .....................................................

.................9.!!gUtt__ .......................... ,
NLJP!L+ER 5

.... _ ............ !!71 [l_:L !4EA!_+ ................. _6,56_8+001 ............................................. :.................
AVgiRAGt CHANGE -Z.U00-001

......... STu OF _'_',+-:Af'_ z .8_-_4-oot
(_.' AVE. PER CENT Cr_ANGt+. -4.26B-001

............. _!'_.[.f-_Y:'_.L.E_ r.LH,U.{ ......... --9-_t >_6__,!_+.oi
/W.S PEI< CI-_NT 6,2u. 5-002

(L:_ _............... p _H. cE,'+! _A.VE c ,__+_"GF...... ,_4__.?__6.3::_0_9..!.............................................................................

F-TEST 7.578-001 0.000+000 0.000+000 0.000÷000
.............. : ................................. ± ................. : ........................ :_ _

.,

T-ILST
_:_ ............................................................................G_'<0 U I--'S P-I.) i-,,- 0_-7_ -0C)O........ -O--,,-O{:)+OT0-()-()-...... -O---l:/+O--O"+-+"O-O-(J----()-.-O-6-CJ¥ O-(jO.............

I' .............. GRuUr+S .P-S ............... 1.941-001 0.000*000 0.000+000 O.OOO+O00
:_ G_uUPS P-C -3..,3,bi-001

GF(()U)-+q D--S -8.737-001

++ " Gr_uUPS D-C " -1.455+000

, ................. G_,._.,ui,i_.+_STc........................... -.5_,._? +_-_o_o_..........................................................................
5

- J

2
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TEST RESULT SUMMARY SHEET

Circuit Identification Code: Amelco A13251

Circuit Diagram:

3

12

-<
9

---611

Circuit Description:

Function:

Process:

Gain:

Operational Amplifier
Planar Diffused

20,000
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....................................................................................................................................... CODE A1.3_251 ..............

VSAT- VSAT+ GAIN BW

UNITS VOLTS VOLTS KHZ

GROUP P

Nllt,ibEIR 4 5 4 4

INITIAL _,IEAN 1,0004001 1.100+001 1.752+004 1.950+000

A VER#,GE CHANGE 0.0004000 0.000+000 -7.075+003 6.000+000

sTi) OF MEAN 0.0004000 0.0004000 .... 1.072+003 .... 5._709+000 __
....................................................

AVE PER CENT CHANGE 0,0004000 0.000+000 -4.5124001 2,70g+OnP

................... I.!_ 1 L_H_V_AL E S.[.I _/_I F__............. 0,0_00 + 00_0 ...... O.: 0...(.)0*0.00 ...... -4,8.82.*.001___-.. 9 • 57.0 _+001 ........
AS PER CENT 0.0004000 0.000+000 -3.195400! 7.III+002

.......... F'E!k C_E{!T_A. VE ._C!_!A_r,tGE...... 0_:..000!000_ ..... 0,000*000 -.4.Q38*00.! .__ 3.077+002.

GROU!' 0

NIJ !';_ EP, 5 5 5 5

........................ F!.' T_]__._---._-M._-=9.!_.......................... 1-09_ 0_4001 ......... I,] _00 .*00. I ............2_,_q.O_.O.___00_4 ..........L..?.2_Ei_ OoO ......
AVh_AGE CHANGE O.O00+OOO 0,000+000 -6.860÷003 3.222+000

SIL, OF MkAN 0.0004000 0.000+000 8.610+002 3.526.,001
........... AVE_ _;E-R--CENI--C-riA,'J{_.- ....... 0-..000+0()0 - -0.-0004000- .... --3.430+001 I .8694002

INI[-NVAL ESTIMA!'E 0.000+000 O.O00+OQO-3.9_08_,Q01 ........ !.638"y00_ _..
AS PEi_ CENT 0.000+000 0.000+000 -2.052+001 2,0914002

PEi_ CE"_T AVE CHAI\i{_F 0.000+000 0.000+000 -3,43(_I+001 1.865+002

GROL!P S

•_'_ NU • F,Jt R 5 _ 5 5

_" INi'I l_L _4EAN 1.000+001 I.I00+001 ......2.0 I(_+00_ _!.654+000

. AVC, HAGE CHANGE 0.000+000 0.0004000 -6.740+003 3,006+000

_, Slt) OF t,ItAN 0,000+000 0.000+000 6.35#+007 3o826-0_]

AVE PER CE,_I CHAr,GE 0.000+000 0.0004000 -3.3454001 1.814÷002
'2

{. _ ............. I_I:!TER_V,_L_E_ST_!i4AI._t: .............. O.O00+O00 _ 0._000,000 _,3;693÷001 ....... 1.561+0(12__
- AS PER CENI 0.000+000 0.0004000 -2,993+001 2.0744002

......... P_[- R _.CE_NT- AV_E_ _CHA,,! 6_E:....... _0.000. + 0.00 __ 0 • 0.00 + O00 ......_ 3 ,_3.4_3_'4"O0 ! ...... .I__,_817 + 0 O2_ _.

NUi'ISER 5 5 5 5

..................!.N.I:TI_A.L.r.!_[=JA_ ..................1.000+00]. l.lnO+O01 .....I._90+.00_ _ 1.838.,,:0o0

A_ERAGE CHANGE 0.000+000 0,0004000 -2,000+001 4,00n-003

.............. S]_O__.O_E._M_EAN.................... 0.,00_0+000 _ o.oo0+ooo __2.ooo+ooP_ ....i.,OO.O-oo.._.....
AVE PER CENT CHAr,_G6 0.000+000 0.0004000 -6.854-002 1.869-001

INTERVAl ESTIF;,_TF 0.000+000 0.0004000 -I .P81+O00 -3.865-001

AS PEN CENT 0.000+000 0.000+000 1,069+000 8.21R-001

pF:R CENI AVE CHANG6 0.000+000 0.000+000 -I.05R-001 2.176-001

...........F-.T_EE]- ....................... o,..O0o,ooQ ....0.0004"000 .1.360+oo2 ....... 5._4554000

T-TEST
,_ GkOO_g--_'-5..................... -_.-00-d-+-d0-_......_Z-d-do;o_-6......=_; _-S-:-_-E_..... _. 8%_-;.-_?-6.....

( ,: GRuUPS P-S 0.000"000 0.0004000 -7.A58-001 2,0074000
:o ................. GRUO_S--P-C- .................. O.OUO+OO0- U.OOOgO00 - -1.613+001 4.019÷000

GEUUPS D-S 0,000+000 0.000÷000 -2.909-001 1.536-001

L s ...... GRuUPS D'C O-OO0+O00 0.000+000 "t,65£4001 2,28F'4000

;' GKUUI.-'S S-C 0,000+000 0,000+000 -1,629+001 2,134+000 .....
....................... j_._ ..................................................................................................................................

6

3

2
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................................................................................................................................................CODE A13_2.51 ..............

I IN BIA5 V OFFSET R68 CMRR

UN ] IS AMPS MV OHMS b[3

6F_OUP I_

Nu _,iu ER 5 4 5 4
............... If_ITIAL_ NLAN ............... 6,348-007 ..... 3,826.+_00.0_ 3,478+_004 - .6,966+001 _

AVEHAGE CHANGE I. 129-00_+ 2.3_5+000 1.980+003 7.550+000

............. SIU_.O_P M[[Arj .............. ?_.7t37004 .... 4,74.3r001 . 3.102÷007 _ 3.62zt÷O00
AVE PE_ CENI CHAN_EE ?.165_004 2.059÷001 5.838*00[) 1,079+001

..................... IL_ ] L !! v _,t. E S [_I.,:_.61E............. ,3 ..gJ 2.+.00_ .........{+_.526_,0 0.! ....... 4 • 70 2+_000 ........ 3,97.0 _+000 .........
AS PER CENT 6,628+004 7,942+001 6,683+000 1.801+0oI

.............. Pi:_ CE,qI[__A.V__ C_!A!_!5_ ......... I._!8+0.04 6.234+00! .......5,693_!000 l.OB4+O0.!..

GROUF D
................................................................................................................

NUI",E_ER 5 5 5 5

Ii_l T [I\L V,E AN 5.67B-00_ 5.692+000 3.566+004 6.954÷001

Av t_RAGE CHANGE 2,003-006 3.114+000 2.340÷003 6.440÷000

SII.) UF Mi_AH 2.415-007 1,42_3+_000 9.798+Q02.._ !.193+000
..................................................

AVL_ HER CEi, T CHA_,GE 3.558+002 4.419÷002 6.461÷000 9.?-56+000

I,_]EF_V.AL E:S[!HAIE ........... 3,055+002 __ 2.694+001 . _ 3.,511_000 . 7.356+Q00 _
AS WEl< CENT 4,000÷002 8.247÷001 9.613÷000 ].ll7÷OOl

p_H CEiq[ AvE CHANGE 3.527+002 5.471+001 6.562+00( 9.76]+000

GI_OLJH 5

.o_ Ndl',dEl_ 5 5 5 5

__ .......... INITIAL..HF-._iN ............. 4.B52-007 _ 6.946+000 ..... 4.11.0+_004 .... 6.952+0.01
: AV _<AGt_ CHANGE I.Z95-006 2.42?÷000 3.960+003 6.620+000

SlU OF MEAN 2_.043-007 1.400+000 ....... 6._354..÷0.0.? ..........!.,8.2_.+00P ...........
-.............. A v_[ ]_ F_i_- -C-t I:,i[ -cH A-_]!5_- ....... -3 '-7I9.00 ? ...... 4 • 379+001 9.617÷000 9.56)9+000

( _ ............. I!_TI-_[<VAL ESl_!.!!A!< ......... 3.232÷007 ..... 1.24_9+001 ......... 7.918+000 _6.60_I_+0.00 .....
" AS PE_ CENT 4.107+002 5.725÷001 ].135÷00] 1.244+001

.............. _P6_!__C.E!'LTL_VECHAP._E..... 3.7_U9÷o02___3._STto01 ..........9;635_+000 ..... 9.5_'÷90p.__

GROUP C

I,_IIiAL i'4E_N 4,660-007 6,33P,+000 __ 4.912+004- 6.917+001 ....
A V ._iI4AGh C H,t_,N (5_-_" f_.800-009 5.740-001 "I.P_80+003 6.400÷000

........... S IL _ __ U [ __ . . . _ _" a [ '] ......... ............. 1 { _ _ 9 , 0 0 ; _ 2,183-001 .....9.21¢+o03 _ 3.10t_QO0 ..
AVi_ PER CE,qT CI4AiqGE 1.756÷000 1.070÷001 -9.872-001 9.231÷000

........... !.L"!E_!__V_.L F SL/,.t,2 _i.......... _-_I_._?_9Zt 909.......5.,Z3_÷ 0O9 __-_;. Z ] 3÷oOI_.... A. z6! ÷009 .....
AS PER CENI 5.769*000 1.2R8÷001 6,921÷000 1.425+001

................. PE_ .9E,'__T A_'ir_[ CHA,)I_E .... 1,8B8*000 . 9_.,056+000 .... -2.606*00.0 .... 9,2-%9+_000 .....

T-TESI

.. - ...................G_,.;O_ ................................... i; _ i-_;;_.0 i_......=i .-f_b_ 0-0_.... :Z_ 9-0-%=66i ..... Y._;_=o o i......." P-U

_"i 1 ............

iT

?

6

4

3

2

GHL, LIPS P-S 1.416+000

G_<t_UFS P-C 1.439+000

(_r_,'_UHS O-S 2-6z_7-0()3

G_uU_'S O'C 2.5_3-n0__

G_UL;HS S-C 2,27i_-002

-5.833-007 -1.597+000 6.171-001
2,_55+000 2,629+000 7.631-001

1.157+000 -1.306*000 -I.267-001

4.?47÷000 2.919+000 ?._15-002

3.090*000 4.2?6+000 1.54g-001



....................................................... -IIi- ............................................................

......................................................................................................................................CODEA13_25.! .......................

UNI l S

HFE NPN HFE PNP

GROUY' P

NU MB [-_f_ 4 4

...... .......... IIJi]!AL ME_AI'._.................................................................................1,318÷00P- 7,752.,.000

AVL.RAGE CIIANGE -6,(75+001 -9,105.000

.......... S[ t!___pF..M E Ai_ ........ 8,8.53+000 ..... 3,221+000 ...................................

AVE, PER CENI CiiAHGkI -5.0B6+001 -9.708+001

..................... I!4.! ER.VA L.._E $I. I.__(!TI_ .......... -6, [) 6_7.*.0 01 ..... , I. 7 #7.t 0 O2'. .........................................................................
AS PER CENI -4.214÷001 -6,020*001

........ PLR CENT_ AV__- CHAi'r_E _-5.t140_001 __,!.I. 75÷002 ..............

GROUP I)

NUMBER 4 5

INII-IAL HEAN.......................................................................... I_,_.3_72 +0 02_..... 8.. :_! OtO00 ......................................................................
AVLRAGt: CIiANGE -7,150+001 --/. _)56+ 000

Slt) OF I'.,iEAN 6,700+000 1,5P-.9+000 ................................................ 2 ............................ " * _ .....

AVE tat:_it-,_ CENT CI-IA!,,LSe -5,096+00l -9.57F_+001

......... I N)i_!yf_L_ ESI I Fll_TE ..... -5,,884+00.! ..-1.1"10"002 .....................................
AS PEI..( CENI -4.539+001 -7,450+001

pFi_ CE_T AVE CttANGF -,%._C11+001 -9.574+001 ...........................................

GROUP S

# • NLJ,'_t_ER 5 5z.za

'" _........... I ,/'_.i]__!AL .r_iE/, N.............. 1 •51 0t 002.... 9.1 3 _,_+o oo ................................
A v'Lt,_ GE CHANGE -7.440+001 -8,792+000

= _ .................... S ] _,__OIT[ .,_Lk".Aiq.................... ] .3B9+001. _ 1 ._,1 h+0O0

AVt PER CENT CFIAr,A_E -4.917+001 -9.62B.001
:, INTERVAL ESIIFiAIE -5.9_,_+0DI -i. 159÷007.

AS PER CENT -3.906÷001 -?.657÷001

...................... [_t-:L__ CENT__ A V g _C.HA N GE ..... _-4.92_7_.+_0 Q 1 ..... -9 ,.62 I t 0 (.)1_...................................................

GROUP" C

NUi,lb_zR 3 5

L, ............ ['_i T_! ^L_24E_N ............. ):._,5",+ 0 0_ Y.sg0_+000 ............... ..............
AV tLH AGe_ CHANGE -1,800+0'01 O,O00+O00

Sl't) OF NIEAr'4 1.592÷001 0.000+000

C) .......................kv d --P-E_ 'C E,<iT --UGi:, _.i_ ...... - ,_; 5 _,7 ./-00 o " -6.-o 0 O* o 0 o ...............................................
........... ! ':_9_E_R_vL%_..t-STI "A_[._E........ -3. £4!_t.0 o t ...... o. (!_.o 0.+o £.o_.............................

AS PEH CENT 8.6_+4+0U0 0.000+000

(3 ...................... P_L_/_c E'2T_AVE...CHA;q_ E...... :-__.o _._, o{!_..... 0 ,o0.0.._t0 !)_O..................................................

.............. FTrgS.T ............................. 2..292÷00.l. 3.452+001 - . 0..000,000 .0.000t000
L

T-TI" 5 [
,_ ........................................................................G_uuPs p-o .5-.-_.32-: 6-0i- -: _-;o 5#.-*bb-L_...........b-:-(;_5_;-+-g0-6........b-;-0--0_;-6_ _)......
:,............ G_t)U_{S p- S .......... 9.1U07001_ -2.8_5-00! . 0.000+000 0.000+000
_:o G_'_OU_'S P-C -6.426÷0t_0 -8.334+000

G._<uL}PS 0-5 4.EbS-00 I 8.11_,-001

_' GHuuPS ()'c ...... -6,911÷ooo -7.722_4÷000

, .................. 9EuU P}_S:C ............................ :.Z .6t 9.+o o(!.... : _.._ 3 F,to oo.........................................

"- "N

4

"3
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TEST RESULT SUMMARY SHEET

Circuit Identification Code: Philco PL987

Circuit Diagram:

Vcc

GI_rD

Circuit Description:

Function: Micropower NAND Gate

Process: Planar Epitaxial

Advertised Speed: Average Propagation Delay

75 ns Typical

120 ns Maximum
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CODE P L 9_87_....................

IIN ORIVE IIN LEAK IPOWER-I IPOWER-O

........................................... U[_; !is ..... A_4P_S................. AMPs ............ AMY...............................

GRouP P

NUwIHE'R 5 5 5 5

INIIIAL MEAN 1 Ib6-O0 °," 1.346-006 2.420-004 4.240-004..... / .............................. ' .....................

AVER_GE CHANGE -2,600-006 -2,440-007 -2,000-006 -4,000-006

.............. sTu_. OF [4EAN ......... 6.124.-007. 1.882-00.7 .9.35(+r-00(_ . 1.'2.7.5-.00.5
AVI_ PER CKNT CtiA_'4GE" -2,243+000 -l./P4÷O01 -7,330-001 -9.090-00}

INIEHVAL ESI I(,iA IF -2.837+000 -3,365+001 -5.119+000 -4.282÷000
AS PER CENT -1.661+000 -2,603+000 3.466÷000 2.395+000

P_IR CENT AVE CHANGE -2.249+000 -1.R13.001 -8,26.4-001 -9.434-00.1

GROUH [;

N U H B E R 5 5 5 5

INilIAL MEAN 1.130"004 ....... 1,606F.006 ...... 2.340-.00._ .......4._-160_,_00{_ _
.................. j V E t { IL _ (_ [ I " C }_ ;_ t_ G E .................... £2-,600-- 006 -3.900-007 (, ]L05-016 -8,000-006

STI) Ot-- NEAN 6.1.f.'4-00-( 1.7,q9-007 t.369-_005 9,354-'006
............. AVE- HF:RCENT cHANGE -2.316+000 -£2,369+001 3.004-002 -1,920+000

INIERV_L ESIIHAIE -2.903+000 -3,665+001 -6,498*000 _ --4,420+000

................ AS PF-H Cb_NT .... i1,6'-)9+000 --1,192+001 6.49L%+000 5, I3B-O01

PER C_L_I AVE CHAr,JGK -2,301.000 -2.428+001 3.03(-010 -1,923+000

GROUP S

f _ NUNBER 5 5 5 5

t_ _....... I_NJ]IAL_ MEAN ............... 1_,198-004 .. I .514-_006 2,72Q-004 ........ 4,220-0.n4
A VCHAGE. CHANGE -3.e00-006 -2.900-007 -3,000-005 -2,000-005

:. SIU UF MEAN I .Ot)O_-O0.6 ... i ,440r-007 ..... 6.273-005 ...... 9.3:_4-:00o

AVL P[;R C{-_T CIIAiiGE -2.L{b7+O00 -1.840+0t11 -9,003+000 -3.990-001

_, .......... !,4[_ERVAL _E.SI !MA (f! - __ -3.165*000 -2.,9"/2+001 _. -3.665.00), -2,935.+000
"' AS PER CENT -1.911+000 --8.590+000 1,459÷00] 1.987÷000

............. P.CL___CENT AVE ..C.HA!,!#E .__-2:838+000_ -1.915-001 ._,1._103+001 -4._739_r'Onl

.............. 9,qouv c
NUN_JER 5 5 5 4

(i ................ INITIAL M£AN ........ 1.t42"i004 . 1.208-_006 .... 2.360-004 4,125-00¢
AVLNaGE CHANGE -2,000-006 -i,200-008 -2,000-006 0.000+00',. I

....... S[U OF HE.AN ............... 1,.455-011 . 9,354:-00.9 ..... 5.000-006_. O,O00+O.O0

( AVF PE_< CENT CHA._GE -1,755+000 -I.182+000 -7,692-001 O.O00,,O00

.................... !j! I_E.RV x_L..._ES [ ! ._,IA1.E ............ -1..751+000 -I • _53"0_00 ...... -. 3,2 P_O÷ 0.0. O_....... 0.. !)._00 tO 0 Q....
AS pER CbNT -I,1514:000 ...... -i.335-001 1.505+000 0,000+000

!............... PEN. CE_NT.__AVE_ CHA-(jGE - -1,(51f000-9,934-001 "8.475-Q01, Q, QO0_O0 0

........... [_-TEST ..................... 4 .(14+000. 7.257÷000 1,217÷Q00._ 7.50.5,0o!

.............. !, T% l ..................................... •....................................................................................................
,_ GHt,)UP S P-I) 2 .B.l, 9-O09 1,73_*000 -1,086-001 Y,454-001

_; GHOUP% P-S 2.J38+000 5.475-001 1,521+000 ,-3,727-001

_o............... 6HUUr_S P-C ...... -l.OO4+O00 -2.761+000 0,000+000 -7.027-001

'? (;_OUHS U-S 2.13£+000 -1,190+000 1,629','0(10 -I ,11_4 000

61_UUI"; D-C -1.604*00() -4 .499"000 l,O&',6-O01 -1.405+00:)

: ...................._(}2__.JU_'S._S:-c ........................ -3, t__2.%0q(! . ,3.3o9÷00 o ....-!..52 !t.o o9.....-_3._5!'tr_O!)_t.

4

3
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CODE PL98_7 ............................

V!_IAZER0 -4 ........................................

UNIIS VOLTS

NUMBER 15

IN1]IAL HEAN 5.782-001 ......................................

........... AVCi{AGE CHANGE 4.353-002

slu OF N.EAN .......... 4.542-00_- .....................
AVE PER CENI C_'IA_I_(_ 7.49P-+000

INI'ERVAL ES/II)'_AI-F 3.326+000

AS PEr_ C£NI 1,1-¢3_-001

........ P_,_ CENT _AVh - CHA,'!GF . Y.529+000 .........

GROUP O

5 41-0 ol ................................................................................................ I(" 11 i AL_ !_.E.AN.............................. .B

A V U:_<:_Gr: CHA[4GE 2.847-0()_

Sll.) OF NEAN 2.479-002 ...................
AVE PER Ct.NT CHAi,JL_F 4.8{_9+000

I Nf .FLRVAL ESTIMA16 2,,603+00o .......................

AS PER ChN1 7.145+000

....................p_:!!CE,4I..._AV_:..C._)A.!:JG_C..........4,85(.4.+00_0........................................................................................................

GROUP S

U" ", N ,.I8)-R ] 5

_" .... I N.I T I AL. _ME_AN_ .................. 5)753-001 ...............................
AVERAGE CHI_NGE 3.2_7-002

•...........sT,{. 0F !':<A'_............ _,989-00Z ..................................................................
AV_i PER CL:_[ CHANGE: 5.710"000

2

INTERVAL ESl INATE 2,933*000 ........................
' AS PER CENT 8.,+92÷000

, pER CENI- AVE CMANGE 5.713+000

GROUP C

N U,"I [_ _:R 15

{............... 1 [_! 1 l AL_. PIEAN ................ 5.-_71-00] . ...............
AV_LRAGi CHANGE P.,040-O07.

............... S:L} OF t,iEA[q ........... 1..637-0.0R .............................................

(.,i: AVE PER CENT CrlANGE: 3,532+000

................... I NJ.g_L_y_AL__:S..T;_M..AT._:....................2,9 t 7+0oo_. ...............................................................
AS HER CENT 5.053÷000

{i. _........ _PER CENT__AVE_.CMA!_(_E .... 3 .535÷000 .................................... = -

F-TESI 1,557+000 0.000+000 0.000*000 0.000+000

]'!

;I

J

7

3

T-TES1
.................... GKbO PS- -P --D .................................. 1,379+ 000 " 0 ;0 (30 ÷000 ...... -0-.-()0-()-; _)()0 ...... 0 ; 0-0()-; (3-00-..........

GROUPS P-S 9.760-001 0.000÷000 0,000+000 0.000+000

........... GI',uU PS P--C .... 2.117+00_

Gt_uUP5 [)--S -4-026-00i

G)< _.)u P.£ D-C 7,3L'_}-O 0 t

G_OUP5 S-C l,l¢l+O00
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........................................................................................................................................... CODE PL98_ ...........

....................................... VM_N£NE-_J

_.-_

/,

i .

C

"

12

1_ GROUPS P-S 2,199"000

_o GRUUi'S P-C 3,757+000

..... GRUUHS D-S -1.724-001

s Gt_UUHS D--C 1,3E6*OUO

0

UNITS VOLTS

GRouP P

N U I,'_f3i-1_ 15

............. I a_],]i 1 #_L...._f4E.AN .............. 6. 061-00 t
AVLRAGE CHAN6E 4' 967"(302 ....................................................
STI.) OF IviEAN.................................. 5.]_3-.oo_ ....................................
AVE PER CENT CitAi,,J6_ 8,204+000

....... INIERVAL EST It4AIE 3,618+000

................... A-S-PE R' Ci£i4i ..................I-. Z77; i)0i .....................................................................................................
............. PER __C.ENT __A_V_ECHAi4C_E .... _:l_.194+000 .....

GROUP i)

......... NUMBER I _5
INIIIAL MEAN............................................................. _6,.079-00 !
A V_.R AGt:. CHANGE 2,400-002 ..................................................................................

....... S IO OF ._4EAH .......... 1_.967-002
AVE PER CENT CHALIG_: 3.947+000 ................................

INIlLRV_L ESlll'iAll- 2.217+000
....................... " ........ "- - ............. t.

AS PER CENT 5,679+000 .........................................

............... P_(.6_.c _I'__!_.A_.___E_cLtA.t'(!_:..........3.9 4 8+ooo

GROU_ _ 5

................ 6.013-00l

AVERAGIE CHA H(-;E 2.587-002 ............................................. "

,- _......................S_]U_OF.. r.]EAN............................._.532-00P__
AVE PER CENI CHANGI_ 4.293+000 ..............................................................................?

................ I !:![E f_ V,_LL _ESIII4ATE ....... 2.04-8+0.00 .....
AS PE_ CENT 6,555÷000

.................. P_!._C_/" _T__AVE_ _ClqAt4.@E . 4 °302÷000
i ................................................

GROUP C

NU_'Jr, ER 15

IN!]IAL HEAN ............................. 6.048-001
.......... L .........

A V LI-_AGF: CttAI, tGE 9.000-003

............ STu .0F MEAN ............ 7.203-003

AVE PER Ct:.NT CYiAC.ILiE: 1.492+000
_ INTERVAL liST I NAT El 8,508-001

...............................A-S--PER-C-F_-i_i ....................Z ,i Z_ +06-0...........................................................................
.............. PE_ _CENT ___AVE £,_I-IA_',_(L_[:-_.... ] .48_q+000

............ F_':.T E.511 ......... 4..82.4+oo o o,ooo÷ooo 0,000.+000 0.000+000

.................T__l__s T
G. 0uP S-P-L-b-......................... 2/' 37i-+000- .... 0-.000; 0-06-....... b ;0-00-%-06 ...... 0'0-0-,_;-00O

O.o00+OOO 0.000+000 0.000+000
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CODE PL987

.................................................. V M!NONE-I .... vMXZERO;I .... R.PUL_L-L!P ..... !C!!!T [)RIVE

UNII5 VOLTS VOLTS K OHMS MA

GROUF P

...................... Ni3 _.ii.iEi< .......................................................................................................................................5 5 : ................................5 5

INIIIA[ MEAN 5.760-001 5,564-001 6.940+000 1.42_+00(I
..................... :7 . _ " ........................... : ........................... "........

AVt.R_GE CHANGE 2.000-003 -3.000-003 1.480-001 -5.2B0-001

STU OF MEAN 3 536-003 4.743-003 3.391-002 3.391-00'I

............... A-V-E P[:._---CE-_TC-HA_GE- ...... 3.b5_-_-00] -£5.265-001 2.136+000 -3.605+0,01

........................... !_.N.:[_F_I"_._'A__E_S.]'_] "!.A.T_" ............... "_.3_'.34 4"_-O..01..... ;- I, 486:,. 00.0 ...........__..590 t_.O.O0..... -0.,_.3...34_._tO 01
AS PER CEN[ 1,029+000 4.075-001 2.675*000 -I.061+001

PER CENT AVE CHANG(" 3,472-001 -5.392c0QI _ 2,13.3#000_-'3,697;!,0fii

(;ROUH U

NUHbER 5 5 5 5

......................... !. N.I [.!^ L.__}_IE..A.!,!................................... 5, 7.U 4 -..0 01 ............5 ,.6 o 8,_ o o 1...... 7 ,_o..gZ+.÷o 0.0 ...........I.: _.4._.!!t 0 o o ..
Av[:.R _GE CHANGE 1.OUO-O03 -3.400-003 1.5B0-001 -7.000-0fli

........... S-[[___OE__MEAN ............. 2..236-003_ 2.9]5-003 4.138-002 _._ 1.70_-001

AVE PER CENI CrIAt_GE 1.7_3-001 -5,981-001 Y,.219+000 -4.214+0.01

................. I)3]E-"!V_L Es.TIt/!.Z_TE ......... _-2.564-001 -I.184+000 _ 1,579+000 ,5.399!001
AS PER CEN] 6,022-001 -2,900-002 2,87.5+000 -3,096+00!

......................... .p E.__._CE-,__T A" rE_ C H__'!I_G_E........... 1 ..Y_?._9- 0 Q I .........-6.. 0_632 QO I ........ 2 ._?..2.'#.t 0 O0 .... 24 ,_24:8..+D 0.!. _

_.

Gt_OUP S

_.,, NUr.IBEP 5 5 5 5
;-_ INITIAL MEAN 5o734-001 5.564-001 6.940+000 1 .692+000

AVERAGE CHANGE -2.B00-003 -4.800-003 1.620-001 -7.220-001

................... ST[L. OF_._'JEA.N............................. 5 -4_ 3, o 03 ...... 9.267 - 003 ...... 9.354., 003 ...... 3.05.0-_ o 01.
AVV PER CENT CHANUIE -4._04-001 -8.437-001 2.336÷000 -4.18_+0C,]

INI Et_VAL ESTIMAIF -I._42÷000 -2,712+000 2.]85÷000 -6.269+0c_I

" AS PER CL-N]r 5.657-001 9.867-001 2.484',001') -2.266+001

PER CENT AVE CHANGE -4.8_3-001 -8.627-001 _ 2.334".'00_0 .... T40267÷001

GROUP C

NUPiE_ER 5 5 5 5

............... I!__ll I AL_.MEA N............ 5.734-00t. _ 5.534,001 .7.068+000_ !.392+000
AVLR.GE CHANGE -A..O00-O04 _,.000-004 9.400-002 -2.000-007

.................. S]Iq._UF..I,:!E&N ............... 2.5./4-003 _.. 3..122-003 ...... 0.124.,003_ _. 2.3"(2,00?
AVE P'EH CENT CHANGE -7.0(,9-002 6.794-002 1.332÷000 -1.51_+0nn

............. IJ_IEE< V_AL F:5.T.!_IA_] _................. __5.6_2T'00 ! ..... -5. 543-00 ! ...........l. 23/+t 09 0 .... -_.3_._3 ?..9_tO 00
AS PEI.< CENT 4..267-001 6.9R_-001 1.426÷000 4.551-001

............ P _ K. C E NT._. AffE_- _C.m.'ANGE - .... -6,976- 002 ..... 7.. 228 "r_O02 .... I. 330* 000 ____-!_, _4_-3_7_*__000

......... FT_TESI .............................. 2.014"-000 9.60_,001 e,.332+ 000. __1.123'_001

I)

P

7

6

.--%

3

T-TESI
,_-............................................................................G,,uU_SP-O -4.'_Z2-00i.......i-'_5'Z-boi.....,6;-46-_-,-0-6-f....i--._-4_/_-0-0-i;--
'_ GRuUPS P-S 2.315"000 5.655-001 -9.056-001 1.407+000

............. G_,0LiPS P-C ............ 1.157÷000 -I.06R+O00 3.493÷000 -3.6_.4+0C0

G_uUF'S I)-S 1.833+000 4.399-001 -2.5E_7-00 I 1.595-001

GI_uUV% I)-C 6.751-001 -I.1_4+000 4.140+000 -4.931+00G

G,_oU_S s-c - ]. 157 t o 0 o......:- I. _3<,_,"0 o0 ....... 4 : _399.÷goo .... c_%_: 0 7_9__+_0(:C _



................................. -118- _.................................

...................................................................................................................................... . CODE PL98Z .......................

T-RISE T-FALL T-DELAY T-STORE

UN I TS NS NS NS NS

GROUP H

............ Ir,_II_IAL ME_(_N..................... 4.780,00] 9,480+002 I J .640+001 ........ 8.0_0.0+001
AVERAGE CHAMGE 1.BbO+O01 6.400÷001 4.500÷000 3.600+000

S 11" U O F t'_ E A _ 5 * 3 "9 7 + 0 0 0 3,317÷001 ?.,500+000 2.187÷001

AV[-. PER (;E_qT CHAI, iGE 3.9_0+00], 6.717+000 ?.634*00]. 1.059+001

AS t-JER CENT 5,145+001 1,064-001 _,437+001 3,486+001

.................. ptk C.ENT AV.E CHI_[4G_ ..... 3..891÷001 .6.-/'51+.000 . _.7.64÷{)0.1 .. 4 , 5 .Q0 _ Q0 t)

............... I['_J" T i AL MEAN_ ............................. _.._..4 D 0 .+. 0.0_ ! ..... 9 , 41+().+ 002 ....... 1"67.0+001 ......... 9_.:200 t 00]
AV Et_AGE Ct_AMGE 1,BO0+O01 7.200+00] 5.000*000 -6.BOO+OO0

SIU OF MEAN 3.79]+000 4.899+001 2.271+000 2.000+000

AVr_ P_-R CENI ('HA,_!GE 4.1_2÷00t 7.73z÷÷000 2.920+001 -7.43(:+0f)0

]NIERVAL EIS] IMATE 3.134+001 1.865",000 lo484÷00l -9.805_+Q00
.................. AiS ` H E _ -CENT ........... -5.0,*_{+001 - 1 .339"_-00i" - 4,504+001 -4.977÷000

( GROUV 5

_ N U r4t_E/--.' 5 5 5 5

'-_ Ii_I]'IAL PiEAN 4,400÷00! 9.560÷00R 1.720+001 8.880÷00,,]

_ .......... Slu ,O[!.._['4.EA I') ...................... 6.195.+000 I I 1.__71+001 ....... 1..561÷000 ..... 6.519t000 ....
AV#. #Ei_< CEI_I CiIIAt4(_E 4,0(_0+001 7.990÷000 Z,723+001 -2.0_5+000

?
............ I l _ ] _ _ V /) L ESTI!-!AIE ............ 2.3_,6÷001 5.777+000 I:143+001 - 71,040+001

aS PER CE_T 5.472+001 1,012+001 3.159+001 5,900+000
P_ CEr4T AVE CttA_4GE 3,969+001 7.950÷000 _.151.001 -2.257-÷000

GROLJP C

NIJ;,-_BER 5 5 5 5

............... _ ['Ji T._ nil. i.'iE/!I j ................. 5.U60÷001 9.640÷007 1.6ZO÷O0] 9.!60÷001
A V r.R_G¢. CHA _' .... [.6004-001 _.000-001 OOQ+O00,4(3L -1 ,_OO÷O00 -4.

510 UF MEA,q 4,%0o+000 1.871+001 5.R92--001 . 0_.000+000
[i" -- ............... Ait-#.-tS__I_'_ CE,'_T-C_A-,_rSE .... "3.452+000 I 1'6_9;000 " 2.150÷000 -4,370+000

IwlERVAL ESf It4ATE -1,343÷001 -4,952,.001 .... --.3I. i ] [{tO 0 0".... ..-6__ 367 +0 no "
....................................... A._ P E R-- CL i_i_-.................. 6,3]8÷o00- 3.815÷ooo 7.9o_÷oo0 -4,367.ono

[ pE6< CEiI4T AV_. CHAN(_E -3,557+000 1,660"000 2,395+000 -4,36"t÷000

F-T_ST 2-391÷001 4.595*000 7.375*000 9.213-001

T-TEST
I_ ..............................................................................Gf(UU_;S W-[.) -_.0 (jI()W.O()-I - -,._,I.' 3-_",_-wO O I .......;-4-i(:,37-;0ii-I-.......I-7605% ()0(_ "

_, G_OUPS P-S 4.898-001 -6.547-001 7,420-001 8.64]-001

,o ................. G_;uUPS P'C ........ 7.137÷00() 2.619÷000 - 3,_.03.000 1 .-173÷0n(_

G_LJHS [)-5 2.7_)9-001 -2. 182-001 1,706+000 -7.407-001

,: .... G,_uU_'S f)-C - 6.927+000 3.05_*000 4.266+000 -4.32fl-001

7 Gt<UUPS S-C 6.b47+000 3.273÷000 3.061+000 3.086-001

6

5.' ........................

.)

2
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TEST RESULT SUMMARY SHEET

Circuit Identification Code: Westinghouse WSII3Q

Circuit Diagram:

I0 1

-----O 3

2

Circuit Description:

Function: Complementary Flip Flop

Process: Planar Epitaxial

Advertised Speed: Count Rate*

0.5 mHz Typical

1.0 mllz Maximum

*No Notching at this Rate.
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CODE WSII3Q .............

I IN DRIVE VTH

-("

UNITS AMPS VOLTS

GROUP P

NUMBER I0 I0

................ !NLTIAL MEAN............... 3.600-004 _ 1.091*000 .......................................

AVERAGE CHANGE -8,000-006 -1.387-001

................ SI.!; QF__IEAN ................. 2,B46-005 .... 1,564r001
AVE PER CENT CHAN6E 5.096-001 -I,099*001

AS PER CENT 3,142÷000 -2,985+000
............. PER__CE@T A.V.E .CHAI'IGE ...... .2.222+000 -1,271+001

GROUP D

NUr_iBER B 8
INITIAL MEAN ...... 9,056"-001 ................................................................................................... 1.6_0-004 .....
AVERAGE CHANGE -3.750-006 2,375-003

.............. S_Tu.. OF.__MEAN ............. 5,533--006 .2,024-002 ............................
AVE PER CENT CHANGE -2.0_B',O00 _,#77-001

............... I_N__IE_VAL...ESIlHATE . . .4.7i40÷000 -1.486+000 ..............................
AS PER CENT 3.417'-001 2.011÷000

....................P__E__RCF_NT__..A.vE __C_ A.__'_E_____.2.21 9_t_OOJ).........2.6 23 ":00.I.................................................

( GROUP S

f_ NUMBER I0 I0
__ ............... !_NITI.AL MEAN.................. 1,390.004 _ 8.153-001 .......................................

AVERAGE CHAN6E -4,000-006 -6.790-002

....................... S_O._.OF..MEA._ ................................. 5.4.43,006 ....... 2.0.14-001 .............................................................
AVE PER CENT CHANGE -3,164÷000 -8.336÷000

( _ ........... I_TERVAL_ EST!MA_!E ...... -5.535.000 ....-2,510.001 ........................
AS PER CENt -2.203-001 8.439÷000

................. PER_.CENT_AVE_CHANGE ........ .2.87B+OO.Q._._8,3_8+O00 ..........................................
•

........... 9_ePt._.C ............................................................................................................................
NUMBER I0 I0

(J_ ...............INITIAL_MEAN ........... 1,720-004 7.537-001

AVERAGE CHANGE -2.000-006 1.220-002

................ SIO_OF MEAN........................ 4,.444-006. _ 9.886-003 ...................................................
( AV6 PER CENT CHANGE -I.032+000 1.709÷000

AS PER CENT 5,907-001 2,509÷000

( ............... PE__CEN!._AYE...._iANGE. ...... -I.163+000 .._1.619"000 ...............................

_F_.TEST ....................... 3,044:001.. _ 3.0_46*00.0 ..... 0.000+000 .... _0..000"_000

I-.IES.T ................................................................................
:_ GROUPS P-D -6,1_0-001 -2.382÷000 0,000÷000 0.000+000

C. '_ ............... GROUPS .P-S ............... =6,169-001 _-1.268+000 ....0,000+00.0 .......O.O_OO+O00
,o GROUPS P-C -9.253-001 -2.702÷000

............. GHUUPS D-S ......... 3,635_002 1,186+000 .............
GRuUPS D-C -2.54-5-001 -1.659-001

' '_ ............... G__<oP_P_S._S._-_C........................ _-.3 ,.0_.4.._".001 .... _vi ,.43 _A._*._O00 .....................................

,!

13.



fIN LEAK- fIN DRIVE

UNITS AMPS AMPS

GROUP P

NUMBER 8 I0

............. IN.!_TI.AL._MEA.N ............... 6,960-007 _ 6,210-005 ....................................................
AVERAGE CHANGE 8,12S-008 4,000-006
STu OF MEAN 9,269-007 3,158-005 ..............................

............... AVE- PER- CENT CHANGE .... 2.i37,002 3,451,001

.................. X_E_Y_L.. E S_.IMA.TE ......... "9. _.249 ÷00.1 ..... ,2_8 07_0 e_l
AS PER CENT 1,15B+002 4,095÷001

PER CENT AVE CHANGE 1,167+00! 6,441#000 ............................................

GROUP O
......................................................................................

NUMBER B 8

.........................# !q I..T_.AL__MEA.I_........................... 4_ 143T 007 .........6 • 220 "_005 ..........................................................
AVCRAGE CHANGE 6,634-007 5,500-006

............... S'fD OF_ MEAN ......... 4,747-007 3.232-005
AVE PER CENT CHAN_E 4.313+002 3.632+001

............... IN'IERVAL ESTIMATE ...... 7.-050+001 _-3,180_001 ..........................................
AS PER CENT ......2,497*002 4o948÷001

..................... PEE_.CEN.%__.AY_.C.HA.N.GE ............I.,60_t002 ....... 8,8.42_.0_0_0 ............................................

GROUP S

#_ NUMBEP l 0 I0
z-.._

_= .....................INITI.AL MEAN ......................I.,094-006 ....8,320-005 ....................................
AVERAGE CHANGE -8,120-008 2.300-005

....................................................................................................... 0--.00_5 .............................................
,_ AVE PER CENI CHANGE 8.373*002 3.278*001

............ IN TE_RVAL EST_IMAI'E ........ _I.I04*002 -2,741÷001 .........................
AS PER CENT 9.559+001 8.270,,001

............... P_E.H CENI" AVE_CHANGE -7,421+000 ...... 2,764_,001 ...... _.............................

GROUP C

NUFIBER I0 I0

._ ............ INIT!AL HEAN ............. 2,44.9-007 6,270-005 ....................................
AVERAGE CHANGE 2,195-006 5,400_005

............ ST[)._OE_HEAN ................ 2,212-006_ .4,013_005 .......................................
(.. AVE PER CENT CHANGE 2,347+003 1,326"002

................ I_N.]I_YGI ......ES_IMA._E ............ 2.,835_*002 ....... __,269+_0.0.i.
AS PER CENT 1,509"003 1,296*002

.................... pEH CENT AVECtIANGE ........ 8,963*002 ...... 8,612,001 ..........

......... E__TES T ................................. 4,886+000 ...... 2,755,000 .... O. 000+.000__ 0._000_, 000

12

'II

I0

7-

"-3
5

4

3

2

I-_IEST ..............................................
GROUPS P-D -7.951-001 -7.265-002 0.000+000 0,000*000

............. GROUPS P,S ................ 2,339-00! _ -9,760-001 0,000÷000 ..... 0,_000"000_
GKOUPS P-C -3,043÷000 -2.56R÷000
GROUPS D-S 1,072+000 -8,475-001 ..........................
GROUPS D-C -2,205"000 -2,349+000
GROUPS_S_-C ...................... _'3 ,zt76 tO 0_0 .._.r I ,_5c_2 ÷ 0_00__



LJ

.......................................................................................................................... CODE WS113Q

........................................... VTH VA

UNITS VOLTS VOLTS

GROUP P

NUHBER 10 5

............ INITI&L ME.AN ............. 2,175+.000 ....8,740-001 .........................................
AVERAGE CHANGE -2.869-001 2.340-001

............... STD_OF .MEAN ....... 2.88g-001 7,608-002

AVE PER CENT CHANGE -I,199÷001 2.684+001

AS PER CENT -4.176÷000 3,644+001

........... PER_._CENT AVE CHANGE .... -1,319_001 2.677+001 ........................

GROUP O

NUHBER 7 1

INITIAL t-lEAN ............................................... 2,892+0.00 9.O00mO0! ..................................................
AVERAGE CHANGE -I.i12+000 2.200-001

....... SIOOFMEAN ........ 4.040-001 0,000+000 ...................
AVE PER CENT CHANGE -3.419+001 2.619+001

............. IN1E RvAL ES IIMATE ..... -5..043÷001 _2,444+001

AS PER CENT -2.050+001 2.444+001

( GROUP S

_z J-

%=_ ....... INITIAL MEAN............................ 2,5U7÷000 .__ 8,400,001 .......................................
AVERAGE CHANGE -6.078-001 2.433-001

STD OF_I_IE AN'_ ................................................. 3,7(8"001 .... 9.97.5r'002 .............................................
._ AVE PER CENT CHANGE -2.347÷001 2.932+001

_ ................. I Nl E_<VAL.. ESI I HATK --3.34-0.'001. 4,R_;O+O00 .........................

AS PER CENT -i,._58 001 5.306+001

AVE CHANGE -2.349+001 2.897+001 ............................................... P __R_.CEN T ................

(.

(

GI4OUP C

NUPiBhR 9 I

............... IN!]_'!AL._HEAN .......... 2,939+000_ 9,550-001 ........................
AVERAGE CttANGE -1.260-001 I,I00-001

.............. SlO OF MEAN ........... 1.117-001 0.000+000

AVE PER CENT CHANGE'• -4.657÷000 1.183÷001

............ IN IE._.+vAL_ .ES__l_rp,_!E_.......... _-_Z,o +,,.Z+_o0_0...... I. 't.5.Z_+0.01
AS PER CENT -1,532+000 1,152+001

.............. _PE_R__C_'EJ_T___A__VE_C_H_At'JGE.... -4.287_ 00 o+ . I, ] 52 ÷ O01 .................................

F-TEST 1.721÷001 9.201-001 0,000+000 0.000+000

.... I-TLSI

" ............... GRuUvS P-S ............ 2,_-43÷000 -1,75_,-001 . 0,000÷000 _0_,._000_000
;o GHOUF)S P-C -1.192÷000 1.555'000

..... GRbUPS [)-S . .-3.4t_6*000 -2.776-001

G_'_OUHS D-C -6.664+000 1,06g+000

- ............. Gi__ctL!._S__S_rC........................ _,-3.570 to DO....... I_. 5u.6, o o0.........
6 .......................



................................................. _-124- ......................................................

........................................................................................................CODE WSII3Q

V SAT I-POWER

UNITS VOLTS ANPS

GROUP P

NUHBER 5 5

.............. INITIAL HEAN ........... 9,200-003 ..... 1.500-00¢ ....................................
AVERAGE CHANGE 4,780-002 -8,000-006

........ S]D OF _!EAN ......... 9.598-003. 5.000,0_06 ...................
AVE PER CENT CHANGE 5.726+002 -5.455÷000

...................... !N.f_.V&L..EST!_IAIE .................. 4_eO37tO02 ...... r9..035_..0.00 ................................................................
AS PER CENT 6.354+002 -1,632+000

............ PER CE[_T. AVE CHANGE ..... 5,196÷002 -5.333,000 ....

GROUP D

NUMBER 4 4

...................... IN i T !AL MEA.N ............................. 6...200,003 ......... I ,_3_20- 00._4................................................................
AVr_RAGE CHANGE 4.300-002 -5.000-006

........... S]b OF MEAN .......... 7,242,003 1.155-005_

AVE PER CFNT CHANGE 9,200+002 -4,006+000

....... IN[ERVAL EST..I H/> IE ...... 5,326*002 -1.5R44001 .........................
AS PER CENT 8.5454002 8.265+000

.................. PER_._CENT AVE CHArJGE ........... 6_,_935+002 ......z3,788_0.00 .......................................................

GROUP S

_ NUMBER 5 5

............ INITIAL NEAN ....... .......... 5.000-003 1.240-004 ............................
AVERAGE CHANGE 3.540-002 -1.800-005

.............. S!O__.OF._MEAN .............................. 8.500r.003 ........ I.#58-005 ..............................................................

AVE PER CENT CHANGE 7.100+002 -1.481+001

.............. I_IERVAL ESTI[!ATE ........... 5,1924002 -2,7574001 .......................

AS PER CENT 8.9684002 -1.462-000

................ PER CEN] AVE CHAN.GF ..... _.080+002._-I,4524001 .........................

NUMBER 5 5

£ ............. INITIAL..NEAN ................ I.O0O-002 1,390-004 ......... • ...........

AVe.RAGE CHANGE 0.0004000 -3.000-006

.............. ST_O OF NEAN ...................... 0.000÷000 5.000-006 ....................................
([[ AVE PER CENT CHANGF 0.0004000 -2.606+000

_I_].E_YAL._E_/I_L!A_ ............... O.,O0_OtO0.O .... _153__Q00

AS PER CEN] 0.000+000 1.836+000
L.[ _ .......... PER__CENI AVE_GHA_IGE .... O.,O00.tOOO__-2,158tOO.O ........................

{,..

F-IES! ................................. 5,349"00! ..... 2..860+0_00 .......... 0.000.*000 ..... O, O00.tO00 ....

_-ZCST ..........
'-_ o. ouoS P- D....................... i" 6-92; 00-0--'= S-,i-_-O-O-_-i--......-O-;-EO6-i-O-06.... --6-;-6-6-_-;-_-i_.....
_' ............. GROUPS P-S ............. 2.992*000 ._ 1,81¢÷000 . 0,000+000. 0_000"000 .

v? GHOUPS P_C 1.1534001 -9.068-001

'; ............. Gt-_OUPS [;-S _ 1.7294000 2,,223+000

G_OUPS [)-C 9.783÷000 -3.420-001

_- GRUUPS S-C 8.542,'000 -2.7214000
............................ •- _?- _ f ..................................................

6

¢,

3

2



V OUT I-4 V OUT 0-7 V OUT I-7 V OUT 0-4

UNITS VOLTS VOLTS VOLTS VOLTS

GROUP P

NUMBER 5

............. !NITIAL MEA N .......... 3.055+000

AVERAGE CHANGE -2.290-001

............ STi) OF MEAN . 3.442-002

5 5 5

1.980-002 __ 3.040+000 ...... 1.440-002 _

6.620-002 -2.230-001 6.660-002

1.467,002 2.324,002 _ 8,718-003

AVE. PER CENT CHANGE -7.495+000 5.318+002 -7.334*000 6.130+002

.................. ! N_T.ERVA.L ES [ IMATE .......... .8...-(46_+ 000 ..... 2 • 52 ! + 0_02 ...... ,8...I 8_3+_O00 ...........3: 9.5_3_*__02 .......

AS PER CENT -6,244÷000 4.166+002 .-6.486+000 5,297+002

.............. PF__R CENT AVE CHANGE .... -7.495*000 3.343.002 -7.335+000 4.625÷002 ._

GROUP U

NUMBEI_ 4 4 4 4

.................... IN!TIALMEAN .......................... 3, (.)2540 O0 ........ 1.080"r002 ...... 3eI022_000 ...... _, _00_,'003 ........

AVERAGE CHANGE -I ,583+000 8.975-002 "2,550-00] 5.400-002

......... S!O OF MEAN ....... 1,773+000 6,762-002 2,797,002 ......... ] '379--002
AVE PER CENT CHANGE -5.2(9+001 1.128+003 "8.455+000 9.817÷002

.......... INTERVAL ESTIMATE ...... ,1.331+002 .... -3.!70+001-9.713"000 4.729+002 .

AS PER CENT 2.842÷001 1.694'_003 "7o163"000 9.865*002

..................... P_ CENT AVE C-HANGE ............. IP15.̀233t00l ......... 8.3 I0 * 002 -8,438+000 ...... 7,297_ QO 2 .......

_" GROUP S

2' ._ NUMBER 5 5 5 5
zz,,i

- o IN i T_IAL__MEAN .................._. ....... 3,050+000 7,200-.003 3,031,000_ 6,,800"003 ......
[ AVERAGE CHANGE -7.518-001 6,580--002 -I,930-001 5.980-002

................. SI T [_-"- 0 E"--M E 6 N. ....................... I _, 3_ i • 0.0 0 .... _ • 12 5 ir 0 0 2 ....... 5 , O .7 _ r. 0.0 2 ....... 5 , 5 57_ O. 0 . 3 ......

- AVE PER CENT CHANGE -2.464_'001 9.566+002 "6.369+000 1,021"003

;.............. INTERVAL ESTIMATE __ "7.530+_001 5,862+002 _'8,229!'000 7,887"002

AS PER CENT 2.600+001 1.242"003 -4,507+000 9,701"002

..............PER CENT AVE CHANGE_ c'2.465+001 9.139"002 "6,368t000 8,794t002

GROUP C

(_ _........... INITIALMEAN .................. 3,_01/9+000 1.480-002 _ 3.009*0

AVERAGE CHANGE -1.255+000 4.200-003 "9.980-0

............... STD OF MEAN ........ I .764*000 .... 3.202-003 2.255-0
(i.; AVE PER CENT CHANGE --4.186+001 4,560+001 -3,317,0

................ I_N_T_ERYa L,/E/SIT I M_AT_E_...... - 1,065+ 002 ...... 4 • 358 _ 000 ..... ,4 ..i 49- _ 0

AS PER CENT 2.332"001 5.240.001 -2.485+0
C _............... PER CE!_qT_ AVE CHANGE ....... _-4.157_001 2.838"001 _-3.317t0

O0 _ 1,160-002_

02 5,200"003

02 .........1,837_003

O0 6.889"001

00I--2.,._2_001 .......

O0 6.241"001

O0 _4._83"001

F-TEST ...... 7,604"000 Ol
.................................................... 1.044"000 __ 2,358+0 ___.462_001

........ It_TEST ............................................................................................................

': GROUPS P-D 1.622"000 -I.218"000 1.598"000 2.603÷000

'I ............ GROUPS P-S ................... 6.642-001 ...... 2.195-002 I'It589+000 _. 1.490÷000

:o GROUPS P-C 1.304+000 3.402+000 "6.525'000 1.346,001

9 .......... GROUPS [)-S ..... -9.957-001 1.239_000 -3.096+000 -I.198+000

s GHOLIPS D-.C -3,929"001 4,426_000 "7,749÷000 1,008÷001

' "-- ............. G ___ [) U IP S , I S _ C ............................... 6 " 393-- 001 .... 3 • 380 t 000 _. _ _ 6 • 93 6_ 000 ..... I ,I _I £ .lI_ 0 0 I ......

3
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CODE WSII3Q ..............

............................ I OUT.ORIVE vour .......... ................

..................GRO_V.V ,_P....................... "....................................................................................................................................
NUMt_,ER 10 10

................ lJ_ l T i AL. MEAi',L ................. 3,,360-0Ui 2.701'000 .............................

AVERn, GE CHANGE -2.103-001 -1.938-001

........ Sib. UF. I_!-Ai"_ ........ 3.832-002 3.![4-002

AVi i Y'£R CE,'_T CrIA_'!GE -6.:_.u3'001 -/.168",'000 I
.................. Ii'41_!_VAL_ES[IPATE ............ -_6.9_1+.001 . -_7.957'_000 .......................................................

I_5 QE_q CtNT -5_45P*001 -6.393+00u

PE,"_. C_+,iT AVi CHANGE .6._i£2+001_ ..7.175+000 ......................

...... Gl_kOUi; U............... .- -

NU,";_ER 7 7

......... ]!_ITIAI..._EA_ ................................ 2..854-001 - 2.6594-000

AVLr<AG_L CHA_qGE -1.854-001 -i .4-97-'001

• . . SIL). Ui= _kA_ ......................... 3.4bO-OOY- .... 5o011-OOZ

AVh t'"i!i__, CE,'_I CtlA!,IG_ -7.0bl+OOl -5.675+000

..... I !_ { E :-_V .,-_,L LST I[4A_{E ....... -/.53L+001 -/ .?.16+000

AS lot_ Ct::,_[ -5.'+61+001 -'+.001+000

.................. Ptr_ CEt,al AVr_ CttA"_G__ ...... -6.496+0U1.-5.609+000

......... GRQUV b .................................

_ ,NUi,,_Lr_ I 0 I 0
t _ . ........... l[_IJ-lo, L r-iEA'4 .......... 2.275-001. 2.591+000 ...................................................

AV L_,AG{ CI-IA_ JGf[ -9,020-002 -6.56Q=002

_" ......................... SILL UF. t<r_AN ............................. 5,,563-002 ..... 1.041-002 ................................................................................

•2 AvE PL!,_ CENI CHA:,_,3F: -4.165÷00] -2.4_'_6+0,')0

, _ .......... Ie{fCRVAL ES]I!o_ATE _ -5,o24+00I -4.376*000

AS pE_. CENI -2,3(J6+001 -6.E"(?,-O0]

......... ptip;. CENT Art:- CblA_',_6F/_ .-3.9o5.001 -_.532.+000

....... .: _ Gf-LOUP_._C.

........... l,'_J. 11'_,L niE4'q',! ................. 2.0d5-Ofll

AVc, b_i_.Gr CHA,'iG;_ -8. lhT-OO2 -I

............. SFu o_-: r,:E:AiH ............................. [{.611-002 I

Ave i'Y_._CEr<T CrIAiv(JE -I.B66.001 -4-

.... - .............. IRIE_iVAI .... Eb.I.It,_AIF ............ 5,55,_*-001 ..... :3

AS _'E_-_ CEiqT -5.4u9+000 -I

B

2.6244000 ................................................................

.241-001

• 1O_-()01 ...................................................................

.603+000
.01_+000 ..................................................

,446+000

.73n+000 ........................

.......... F-.T.ESI . ......................... 1.3504001 . 6.z_,91+000 - .0,000+000- -0.000+000

.............. T-It. ST ........................................
G_<UUi_S P-U -9.446-001 -1.354+000

_ ..... GH,OO.i"S . i-'-S ..... -5.0264000 -4-.34(}+000

U, .-, P-C -5,0674000 -?,?_4"000
G_-_,.,,U,-_ f)-5 -3._1 /'4.00(I -_.L-,g_+O00

L_h L_LJ:.-'g I)-C -3. /_tS+ OL) O - J' • '; _',[_- 0 (J
Gl<_,t!,"q S-'-_C -3 2_C,5-00t 1 °b.q+O0

6

2

0°0004000 O.O00+OnO

O.O00+O00 ..... O.O00+O00



................................................................ -127- ................................................
L..J

................................................ _CODE WSll3Q .......................

...................................... T RISE - ......... T_ F_A_L..L..........................................

......................................... U_ITs ......... !,_s...... NS

GRoUI -> P

NUMBER 10 I 0
INITIAL MEAN............................ 1,360+00! __3,,415÷001 ..........................................
AVERAGE CHANGE 6.000-001 6,415÷001

S]'U _OF MFAN ................ , .................................................... 9 192',"000 8.759+001

Art. PER CI-NI CHANGE 3,730+00! 1,88r)+0o2
........................ I NTE[._V_AL_ EST_!.MA T l-T............. r._4., ! _-5+ 00.! ...... I ,.3RQ ÷_.00_! ....................................................

AS PEN CENT 5.028+001 3.619+002

_ PEt4 CE_NT __AVE_ CHANGE _. 4.,4.12+000 1.87_8.÷002 ........................................

(

GROUP O

NUMBER 3 3

..................... I!I i.T_!_A L__.NIE A N ........................ 1,615+ 0.01 ...... 9,8_60 ÷ 00:I ...................................................
AVERAGE CHANGE -I,667-001 3.300+001

_Si-O _OF_'_MEAr,I _ . ___ _ 6 195+000 1.738+002
.... - ............................. i

AVE PER CENT CHANGE 8.118+000 1.471+002

......... INIERVAL _ES_I IMATE .... -7,B84+00]. -3,741+002 .................................

AS PER CENT 7,677+001 3.910+002

....................... .P_.E___._¢E'_.T___A V.E ._CHA r,l.Gf-..L._...... ._-I ,.032.t.O.O 0 ........ 3. 347 ," 00.i_

" GROUP S

a . NUMBER 6 6

["_ ................. INITIAL _MEAN ............... 1.030+001 4,6R0+001 ......................................
_- A V EI4_._GE CHANGE 2.500+000 8.550+001

................. S_ L_).OE_ _L4EAL! ...................................... 2,_6.# l .+0 O0 ......... i. On 6.+ 0 0 2 ..................] ...................................

:i AVE PER CENT CHANGe: 2.610+001 2.036+002

: z ............ !_!NI_ERV_AL _EST!MATE _ _ -4.804,001 -3,957,001

AS PER CENT 4,902÷001 4.,050+002

.......... PE_k_CEN.T.._AVE_CrIANGE_ . 2,427,001 _ _1.827-"002 ...............................................
!'

GROUP C

NUM6ER 2 2

(--. ___ z ....... l_L',iI T I A L_ I':4EAN ................ 8.]50,o00. 3.787+001 ..........................................

AVERAGE CHANGE 0.000÷000 -2.000÷000

STD _QF MEAN ............... 0,000.÷000 _ 0.000+0.00 .............................................
[ AVE PER CEN]" CHANGE O.OOO÷O00 -4.651÷000

................. I_r___!EriV._A_L._E s I'[M_A IF .............. 0_,.09 0_ 0o_q......-5.2.8_1_+O0.0
AS PER CENT 0.000+000 -5.281÷000

k., _ ........ P_E_R _C_E,!T_AVE__CHANGE ...... 0.000÷00.0_ -5_.281÷000 ...................................

........... F-T_E_ST ................................... I._56R-001 .... 5,215-001 ...... 0,000+000 .... O,_O00.t.O00

........ ___I_,_TEsT......................................................................................................................
,2 GHUUPS P-D 1,736-001 5.012-001 0,000÷000 0.000+000

" ................ G_R_bUPS _p-_s ............. -5..,i85-001 -4.379-001 _ 0.000_+000 _. _O.O00tO00

_o GHUUPS P-C 1.155-001 9.046-001

9 ..... GRUUPS D-S -5.627.-001 -7.864-001

G_UUPS D-C -2,122-002 '_.061-001

6

5

4
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k7

................................................................................................................... CODE WS_I_I3__Q

................ ................... T. DELAY T STOP, E

• UNITS NS NS

GROUP P

INITIAL #'lEAN............................... 4.720÷001 .2,990+001 .......................................
AVERAGE CHANGE 2.000-001 -5.000-001

.............. STO OF .MEAN 3.678.+000 3,153+000 .......................... I
AVE PER CENT Ct_iANGE 5,520-001 -1,144+000

................ ! NTE.RVAL ESTIMATE ......... _tr4,. 865_" 000 ......,"_8, £ 2.7"_ 00_0..............................................
AS PER CENT 5,712÷000 5.483+000

. _ PEH CENT AVE CHANGE 4,237-001 -1,672÷000 ............................

GROUP D

NUMBER 3 3 ........................
......... INITIAL MEAN..................................... 7, l-(O*O01 ........3.,96 Ot.O_OI ..............................................................

AVERAGE CHANGE =1,867+001 -6.000÷000
........ STu OF I'4EAN . _ . 3,962"-001 8.485÷000

AVF_: PER CENI CHANGE -1.831*001 -i .489+001, "
.......... I!_.IERVAL EST I_IAIE..... ,I.3_I ÷002 -5.891.001 .......................

AS PER CENT 8.b05÷001 2,H¢6+001
........ PER CENT AVE CHANGE -2,603+ 0 ..................................................................................................... O. 1.... -I .5_3_,'.0.0.1 ......................

GROUP S

° NU _[:_ER 6 6__,_

_ ............INITIAL MEAN...................... 5.990÷001 3.550+001 ........................................................
AVERAGE CHANGE -4,000÷000 -3,667+000

_........................ S_'IO.__E_..NE AJ_.............................. 1,:064±00 1........ 2,653 ÷000_ ..................................................
AVE PER CENT CHANGE -4,937+000 -9,506+000

................... ! N T EfLV A L _E._SI_I_F!AT E....... .-2,3(0700! -1.749+001 .........................
AS PER CENT 1.0354001 -3.167+000

................... PE_R C.ENT_ AVE.C'dA_NGE _ .-6.6(_8_'-000 .... -!.033+001 .................................................................

GROUt' C

NU_',iBER 2 2
................. l!'_I T IAL_ MEAN ............... 4.625÷001 3.275÷001 ............................

AVERAGE CHANGE: 6.5004"000 0.000+000

................. S!L)__OF__MEAN ................. l,_700+OOl 2,000÷000 .....................................
AVE PER CENT CHANGE 1.690+001 4.202-002
I J'i!" E.!Lv_AL____S_f_I t,j.A.!E..... _-__2_,_195___0_0.2.... _3,880. +.0._01..

AS PER CENT 2,476÷002 3,880+001
.............. PE____CE_T_ AVE_ ChANQE ......... I.,405+.001 ..... O,O00÷QO0 ...................................

.......... F ETEST ........................ 2,061+000 ..2,583+0Q(} .... 0,000_000 ...... O,QO0+O00_

_ T-TEST

_2 GHUUPS P-D 2,226÷000 2,390÷000
'_ ................ 6_uuPs PoS .......... 6.316.001 ..... 1.754+000
,o GHUUPS P-C -6.316-001 -1.846-001

9 ........ GHUUPS D-,S . -1.,611+000 -9,438-001
_' G_iuUHS D-C -2.141+000 -1.880÷000

'- G_ L[tJ._.#S___S-_C...................... -9,9_7-09.1 _. z.[,, P=847 00_0
6

4

3

2

o.ooo÷o66--6-.-6-0-o÷ooo
0.000÷000 ..... O.O00_.*OOO_
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TEST RESULT SUMMARY SHEET

Circuit Identification Code: General Instrument 7532

Circuit Diagram:

i0 o

I

K----o 9

]
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iI I ,
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i 9

4_ IF--_

5

Circuit Description:

Function: NOR Gate

Process: MOS Technology

Advertised Speed: Not Listed
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CODE 7532

UN115 t4ICROHHO M I C R 0 t,4H O

6140UH P

NU _"iE_,E R 5 10

INITIAL r_;EAN 1.078+002 6.8677'-002 ......................
....... AVERAGe-_ (" H A r_Gl_: ......... L9,400+00o 3.110+001

S10 (.iF tqL:.AN 1.62B+0Ol 2,,]84÷002

AVi.:. i-'l.:_:!_ CENT Ci-IA!vGE -,4,634+01_0 2,,461.+001

I P_f E!-t V e_,l.. ESTIMATE -2.544+001 -i.705+001 .......................................................
......................... AS PEP, C_.i".!l ........... 8..00]+000 .... 2.611+001

pt!k CEI'_] AVE CIIANGF. -8.720+000, 4.52__9*000

GROUP D

N u,-i tJE _ 0 10

Ii.liTIAL I..4EAN ]. -' 4.I _.0+OOr- 6.921 0{i2

A Vc.R_.tGi_: CHAN(_E O,O00+OOt) -1,13r4+002

SID OF t,!t-Ai4 -0.U00+000 1.163+002 ..........
AVE. PEa CEI'!T CHANC_tr 0,000+000 -Io5£6,001

......... i i",il !-_HV AI, E S q[I I4A'IE: . 0,000+000 -2.7U>5+001
h.S F'tir7 C'<i'.T O,UOO+OOU -5.036*000

PCR CFI_'_'I AVI-_ (:HA!_GF: 0,01.10".000.. -I.6,4.4+001 .........

Gf-_OtJ_' S

,-_ N U,.ii_:tt-R 0 I 0
: J

INIIIAL HI-:AN ...... I_,012+00.2 6.1f)6+002 .............
AVEt,tAGL C H A fq(:i{ 0,000+000 -4-.000+001

,_ .............. StU..UF NF:A[4 ....................... 70.O00_OUO 2,175+002 ...........................................
AVt:. PER CEHT CriA_;(Jff 0,iJ00+000 6,205+000

:: IN IERVAI_ I::SI l H _,l F: O,OOO+O00 -3.087÷001

AS PEH CENI 0.000+000 1.747+001

............ Pi£R__Ct-_.[_ 7 t_,,yE. Ct-_at,!OE ...... 0,0.00+000 76,698+0.00 .....................

GPOUF C

NO I'._UE f;' 5 10
INIIIAL MEAN 1.046+00_ 6,8_9+007.

A V LRs-tG_: C tt A N r.-,F: -3.0U0+000 1 .z,-50+002

SIU OF r,!_-A;q I..075+001 I.P47+002 ................
-- AVE-PFR CEH] " CHA",4GE- -3.007+000 2.873+001

......... ! _!_i,1_fr.7._it V J.tI_. ESI. IHA I E -I ,428+00.1 ...... 8.769+000 .............................................
AS PEt7 CENT .... 8°547+000 3.333+001

...... PLI-4 CEr_T. AvE CHAN._I! .-2,868+000 2.105+001 .........................

F-ILSI 1,688-001 4.350÷000 0.000+000 0.000+000

7

.............. T- TI:"_T ....................... :i +Gt_,tJUPS P-L) .4"f£, 000 " - 1.939+000 ..... 0;-000+{i00 ........ 0 ., 00 i7 +-0 60 ......

6KOLIH5 r'-S -1._.(R+000 9.636-001 O.000+000 0.000',000

Gi'_ bUFS P-C -7.116-001 -1.574+000

GKL)UP5 f)-.% 0.000+00O -_';. 757-001

" O _ LJt lp 5 ['_-" C 4, "! 1 £'- (),01 - 3.46 z;.4-000

" ED .. II , . ................................................. .-............... Gi';tlUP5 5.C .............. 4, llo-OOl -'2 41l_+000
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CODE 7532

ISbS-2 I SOS

UNITS MA MA

NO 4BER 5 I 0

IN11 IAL MEAN 4o666-001 2_.900+000

A Vi:RAGE CHANGE -8.0_0-002 -B.334-00!

Si() OF H_LAN 1,001-00] . 3,677-001 .............................
........... AVe, PEP, CENT-Ci:_7,i,!GE .... 'i.7e0+001 -2,833+001

I NI liRV t-q. ESI II4AIE -4,101+001 -3,734÷001 ......................................................................
........................... AS PER-CENT .......... 6'6345000 -2.013+001

piiR CE_I AVE Cr_A!:_GE. "-I,7!9,001.-2.8-13+001 ....................

GF<OUF ()

NUr, ibER 0 1 0

INII ]AL MEAN 5,_66-001 _.67R+000 ..........................
AVLkaGL CHA).iGI:. 0.000.000

SIIJ l)F i,4f--AN -0o0O0+000

AVL PER CENI CHANGE O,OO0+O00
IIq-II_it_VAI,. ES]][t'iA/_ O,OOO÷O00

AS PER CENT 0,000+000

-1.442"000

6.241_001

-5.427*001
-6.967*001

-3,R04+00]

pLR CENT AVE ...... _-:Cr_,_tE 0 Ol)O+O00 -5.385÷Q01 ...............................................................

_i ....... !NI _EvA L ESI I '_<IA IE_ ...... °'0-°0*°°°
AS PEr< CEhl 0,0o0+000

PLff, CENT AvE. CItANG[; O,(J{J(}*O00

NiJ P_hEF_ 0 10

IN],IIt_,L PiEAN 4,790-001 2°589+000

AVLI_AGE CHANGE 0.000+000 -I.160+000

SIU OF t,,!EAN_.................. -0,,.(!00+000. . 8.319-00] .............................................................
AVL HE[i-,'ChNI CHANGF 0,000+000 --4.328¢001

-6.663+001 ...................
-2o302÷001

-4.4P,3"_ 001 ...............................................

6kObP C

N U I,,,b E p 5 10

( ...... INII 1A[. _'iEA N .......... 4.946+000 . 2,'f44+000 ................
A VLR-AGL CHANGE 3.'142_0nI 9.263-001

....... SIu UF. I_IEAN ............ 5,725-001 3.P, 12_OOl .................................

(.._ AVE PEH Ct.NT ChA,,,iG[- 3.573+000 3.493÷001

I N ] E.H.VAL FSTII, AIF -5.E_7+000 2.433+001

AS PEH CL,,I 2,042÷001 4.318+001

(_i _ .............. P_d _CENT. A.VE C_NGF 7,565"000 3,376_,001 ...............................

F-TLSI 9,b52-001 3o703+001 0.000÷000 0.000+000

12

II

,y

7

$,

• ,%

........... r.-f_-.s!
c__-,uu_S .........................P-D , _. __5-o 0f .... 2. >____,o i)0..... o-,,-0t)0;o oO " 01-007);6OO--
GHdUPS P-S -_+.226-001 1.321+000 0,000+000 . 0.000+000

G_bl)HS P-C -I.693+000 -7.10_+000

GHuUP5 [)-,b 0.000+000 -].137+000

G_(uUHS I,_C -1,911+000 -9,5(>6+000

G_<uUHS S-C -1.9{1 ÷000 -8.42.9+000 ......................................................

"1
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....................................................................................................................................................................CODE 7532

RDS-2 RDS

UNII£ K OHMS K OHMS

GROUP P

NUMBER 4 10

INIII_L _EA N .......................................... 4.,206*001 1.212÷001 ...........................................
AV#__AGE CHANGE 5,082+001 -9.320-001

........... _S]O OF t..!EA N................... 8,82}+001_ 6.610,000 ..................................
AVE HEN CENT CHANGE ].312+002 6.748+000

.........................I.N_[ E_!!V '_L..E _!.! _:JA.!E............ r I, 6 _s2Z.002 ._.- 4.47 0z 00..1..........................................................
AS PER Ct_NT 4,098+002 2.932",001

PER CENI AVE CitANGE 1.208+002 -7.690+000

GROUF t)

NUKbE.R I I 0

................ [,_11 !It, L_!JF_AN .......................... 1.096t 002 .... 1,532_+ 00 ]
AvhRAGE CHANGE 1,140_007_ 4.794+000

....... Sli.) (;F HEAN...... 0,000+000 1.964+00.1 ...................

AVb. HER CENI" CHAr,JGE 1.030+(}01_ 4.186+001

.......... I!'_fE_4VAL. ES_IIf4AgE ..... 1.0f,0*002 -b.571+001
AS l-'Lt< CENT 1.0_0+002 1,183*002

................... P.._H..._cF:dZ_____V_-...._CUA._:!gF.......... !.: .o_.o,007...... 3 ,.i 2.9, o 0i .......................................................

GROUP S

_ Nui_iBtL_ 0 I 0

:.° INLTI/,L f.',El I_I,I 5.867*001 I.]53*001
................................ • "- t ..........................

A'¢t:RlkGP/ CHANGF 0,000÷000 5.428+000

ST# £}F I'-;_AN -0.0U0*000 1.649-001

AvE. PER CENT CHANGE 0.000+000 9.564+001
o-

_ ,_ ............. I[4"!E!_V.,_I_ ESI!t4A]E ........ 0.000+000 _-4.99R*00]. ..............................
AS PER CENI 0.000+000 1.441.002

...... p..E._ C E!_'!__AVE CHAHGE .... 0,000+000 . 4.706÷001 ........................................

GROUP C

l_'_l T 1AL t4E A/,I 5.502+001 I.].86*001
.....................................................................................................

A V l,R A (_4t= C tt A i,4(,.H- 1.198*001 1.499+001

........... SIED .o E MEAN .............. 2.9H5÷001 __ 5.5f9÷001_ ...........................................
[' AVE FEF, ('ENI CHAI',_(_E-. 6.3"(2.+001 7.£07+001

.......................................... % "_. 8z4. + 9 "_.....I_'_'[E_v_,I._ .E:_l-!_A_l__ ............... T_2.'.-6_ 001 -I, c9÷002
AS H[-_H CENT Bo2U2÷O01 4.456-002

(,_ ............... P_E._ .CEi'4T AVE __C_H/_!_:L'I[<.... 2._1(8+00! ..... 1.264_+002 ........................

F-T r--S 1 9.644-001 5.072.-001 0.000÷000 0.000÷000

T-TL51

,-_..............................................................._s_,uu_s P-t) -9;?0i=oiii .... =4.3-zo:-odi ..... o.o-06-;go-0 ....... (J-,-b-ob%-66-6-
( _, GKUUPS P-S 1.745+00(I -4.654-001 O.O00+O00 0.000+000

::'- _ Gt_'dL_P S P-C ......... 9.9"_0"001 'i.215"000 ........

;_ GhUl;k£ D-S ] .957+000 -4.839-002

G_'<OUiJ S D-U 1.599*000 -7,781-001

.................. G;_9_!K_ss-_c ........................... -4,_,!;__-oor ......=Z, ;I';7- 0o _.......................................................
6
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COD =_ 7532

V,,'4X ZERO VNIN ONE

LINI I S Nt!GVOL IS NEGVOLIS

6FC0uP H

INI ] I,>,L HEAN 4.717-_000 7.441+000

..... AVERAGE Ckl,{[.i(-_-[..: .... 2.255+000 1.853+000 ....................

....... Slu OF N!EAN 3.746-001 4.940-001

-AVE i-:I:_:R-CL,I-cHAeI_(.sF: ..... 4,8(0+001- - 2,530+001' 1,4 .........................

......... IN-I EKVA[_ E Sl ] tjATt_. .... 4,1&9+001 2.039+001
AS t_E_ CL.I,_'I 5.263+O01 2,940+001 ........................................

Pgi,_ CFN'[ AVE CHANGE 4-721+001, 2.1_-9.0+001

GPOUF' u

NI)IHt; E bl 7 I 0

.............. Ii,aI{ I AI_ !j[_- A N .............. 5.752.000 .7.57fl4-000 ...........................................
AVK.RAGE (;hANC:;E -].839-001 5o449-001

...... SIO OF b,_'ttAl.J 2.751+000 1.243+000
AVtt eE_ (:fi_4T CtIAI,i(3E _.544+000 Y.240+000

........ I(I I EI_VAI_ ESI]blAI E -4.41b+001 -3,940+000
A.'_ F'E_< CEtll 3,775+001 1.832,_001

pER CFqT AVE CHAriGE -_o196+000_ 7.1.9 +......... ...... _ _.. " -. = .2 000

• GF_OUF-' S

-' NOi4BEP 9 10_:,
........ INITIAl. I,IEAN 5.267+000 7.510+090

A V L f,'.AGk C Fi,c,NGF ......... 9.097-001 "I,049-00i

_............. S 10 UF _'_L t',r'_............. 2..463-_ooo 1..75P,+0oo ............................................................
AV< F'ER CE,ql CttAI'!GE 2.438+001 1.064_.001

c __ _ !r'4IL_<Vi_L ESTIt.,A.Tt- .-1.6g9+001 -6.500-'-000 __

AS PER ChrqT 5.143+001 2.527÷001

........... p tit< CE_,_T AV// CtlAliGt! .... 1.7Z7+o01 9,387+000 ...............................

GROUt-' (,
.......................

I',]lJt'i_t-la I 0 10
INIllt, L NFAN 5 37R+000 7,'_79+000

AVcH,aGt CtiANGE -i,871=001 -4,14f)-002

...... SrU. OF _tt}A_ ......... 1,1.4.5+000 3.277-002 ...........................
AVE, I-'ER CENT CHAt.JGf £ -5,192-001 -5.537-001.

.......... 1N [l" t_V.AL... E S TI r'!tkl f_ -1,7L;3+00! ..... -8.624,001 .........................................................
AS PER CENT l-0_7"0Ul -2,597-0ui

....... PER. CE_>J_T AVE. CHAN(5[: ..3.#79+000 -5.610-0(_I .......

F-TLST ...... 4.261+000 5.723+000 0.000+000 0.000÷000
(.

T"TLbT

' : G _ < O U l'_ S" i" # ' [ J ............................... 2 , _ _ b + 006 2-;-i91 ;0o6 ..... 6°660+060 ..... 0 -- _" 6 c_ I b; B- o B " - .
{ _,........ Gt<OUP'5 P-S 1-704+000 2,449÷000 0,000÷000 0.000+000

:' Gr<_Jbl-,.q p'(. --- 3.177+000 4,042+000

': . G f<,,JLIr'S I'-S -I,263+000 -3,4] 4--001

G F<L:LII',V, D-C 3,8_:9-U03 1.2bl÷OOO

" ..... _....... s.-c ............................... l .._.ooo
5

.._,.

1
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CODE 7532

VMIN 0NE-7 VMX ZER0-7

UNI TS NEGVOI.IS NEGVOLI'S

GROUP P

............ .........................................................S............s ..........................................
INIIIAI_ MEAN 6.82JI+ 000 5.006+000

AV EkAGt: CHANGE 2.015÷000 1.351+000

STD OF MEAN 2,906-00] 3.007-001

.......... AVL-PER CEHr-CHAI:4GE:- 2.959+00], " 2,730+001

INIEI-_VAI_ I:STtt_A'[I_..............2,_"(9+001 _ 2.032+001
hS PER CLNI 3o424÷001 3,366+001

PLy< CENT AVE CHANGE 2.9bI+001 ;_.699+001

GROUP D

NUHDILR 5 0

.................... ; N 1 l.i .AL.. t'-!__:A bl .......................... 7 ".3 59 + 0 0.9 ...... 5" 4 } ] + 000
AVERAGE CHANGL-. 1.4(i3+000

STu OF MEAN 4.648-00]

AVE PER CENT CHANC'_E 1,9_6+001

......... INTt:RVAL ESIlHATF:_ 1.2_i'+(}(.)I

A:i PElt CEN[ 2,690+001

PIz.F_ CENI AVE CHANGE 1.9,'i_÷001

0,000+000

-0.000+000

0 oO00 +000

0.000+000

0 • 000+000

o. o o o t O_O0......................................................

GROUP S

# _ NUrlbER 5 0

__ .............. I N 1 !!__A_L..__f!.K/_r7.......................... 6., 84..r+000 5.069+000 ........
( A Vt.RAGE CHANGE P..095+000 0.000+.000

_ ............... SIU OF HEAN 2.953-001 -0,000+000

AVE PE_ CENT CHANGE 3,010÷001 0.000"000

. _ ........ !NTE_H.!!AL ESTII'IAIE .... 2,582÷001 O,O00+O00 .................
- AS l._Fi< Cf_-NT 3,5:J9"-001 0,000+000

....... t) l!'_., _" r_ i'_ !., _ V _ - (: H A _'IG E ........... 3" O _'J)_O 'I' 00 "l .... 0_ i 0_)0"I'000

f:iR 0 l) H C

NUI,'_,E p 5 5

.................. INIIIAL HEAN ?, 1,]0÷000 5, _94.1.000 ...................
A VLRAGi-: cHANGE ...... -2,200-003 :6.606-001

STLJ OF Mr-AN 4,062-003 l ,_31-001

(j AVE PER CENT CHANGE -3,020-002 -1.24P_.001

I"_TE.R V AI._ E:ST ]MAIE -9. 451-00P. -I._90+001

AS PER Ct::.NT 3,2'54-002 -9,057+000

CI. _.............. PE_!CEN_T_A VE CHAt'-"9_E _ ,3.099,002 _-1.2"_+001 .....................................

F-TESI . 6,.037+00! b,403+001 0,000+000. 0,000+000

( '_ ..... GHuUi.'$ P-S -4.554-001 . I.P09+O01
_o Gt_uUP'S P-C ..... I. I _,5+001 1.273+001

_." GHULIFS i)-S -3,bdP>+OOO 0.000+000

, G_uUPq D-C - 8.322+000 5.9!2_ +OC)O ....

' .................. 9_.i4__uu.il}_ Sre ............................. !.-_! 91__+0.o l_ .... .5_._'_1? + o o o
6

?

l -TF_S I

,2 ................................................................Gt'_UUPS P-0 3 ,,-i :j-Ji--i;-ij () 7i......... i" 209+0 C)-i....... (.'t-.-0-()-C)--I:0 (_-0-......... 0,-0-0-7) + 0-(j t_.......

0,000+000 0.000+000
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CODE 7532 ..........................

V OUl O-AI V oUT o-Bl

UN I 'f$ NE6V OL'I 5 NEGVOLfS ...........

G t.'.() tJ i,_ P .........................................................................................................................
....................NUi[iDE _ 5 5

l_qll IAL I_,E_ N ........... 3,339÷000 3.8_37*000 ..........................

............ AVLRA (:,L CHANGE. 4,608-001 2.380-002

SI[) OF HEAN ....... 3,,287-001 1,760÷000 ................
.......... CH,14i_E 1 385"001 9.356-001AVE_ PP_r_ CEI,t[ l' "- ,,

I_I[L_VAL ES-IINAI[_ _................. 2.._63+000 ,,4.96_?001 ..................................................
........................ #5 Pti# CENT 2.4-73+001 5,,090+001

PEt4 CFl',il .A_'E....CitANt4F 1.3#0+001 6..124,001 .....................

GKoUP i) ..............

- _U_4SER 5 5
INil i At. I4EAi,4 ....................... 3..5-(6+000. 3 ..ROR',-O 00 .....................................................

............... A Vt-RAGE CHANGE 7.660_002 -2.333+000

SlO OF NE/',r4 1,167,000 2,877-001 ...............

AV_I-_:_._ "_ ".... CE.NT CMAP_G£- 3.1.9g÷000 -6.120+001.

INIEF_VAL [L5I II, IAT_[ -3.z'09+001 -6.951+001 .........................

........ AS l)h_ CENI 3.837+001 -5.30?_.÷001

pEI4..CENT. A_yP_/._CqA!qtD_E ....... 2..1#2.00.0_. -6.176+001 ......................

G_OU, s ...................................................

1._ tl I At, aEA N ................ 3.330,000 .... 4.231.*000 ...........................
......... AVERAGE CHANGE 5.914-001 -2.542+000

..................slu ..OF.__V,!:A_N............................I.o47,ooo 9.]93-ooI
._ . 2<'.+001AVV.. PI[_ CEfql CHA;','('__ 1 770+001 . -5,9

........ IaTERV_L ESI lI.!AIE ,1.716+001 ,8.42n+0.01 .........................
AS PEt< CENI 5.269+001 -3.595+001

............ pt.f_.. CEr4T AVE _CHANGE 1.7-16"001 -6.00a.O01 .......................

GROUt _ C

NUMbE# 5 5

INllIAL MEA N ........ 3.355÷000 3.761.000 ......................
........... AVtR#GE (;H_:_N(;E -1.OU3+O00 -9.7Y6-001

SIu OF HEAN 5.155-007- 9..7B7.002 ...................
...........................

AVE PER CE.NI CHANL_E -3.231+001 -2.602÷001

II'41ERVAL FSTlt,iATE -3.39B+00! ......-2:8r.__.+.0.01 .............................................................
..........................AS V__iC-(:L_n-................-3.0':;6+001 -Z.3]O÷OOi

PC_R CENT AVE C_Ar_G_E..-3,227÷001 -2,599+0.0! .............................

F -TESI 5,643+000 9.025+000 O.O00+O00 0.000+000

I- I_LSl
_:.....................G_uU_;S P'U............................__-4?5'oo]. _. _5o_oo0 o.o0o+ooo ----o-,--06_f+6_-6-

i _, G_uUYS P-5 -2.[;_1-001 4.517.000 0.000+000 0.000+000
,.- ...... 6kOLJ_.'.% P'C " 3.405+000 1.763".000

Ght_tIVS 1"_-5 --I . ]__6+000 3.67,6-00 l

Gr"cL)LJV',_; [)-C 2 557+000 -2..._f-7÷000
3.693+000 -2.754+000 .....................................................Gt4 ULII-' S S-C

2



........................... -137- ........................

CODE 7532 ...........................

V OUI" ]-A1 V OUT 1-81 I DRIVE

UNII5 NEGVOLIS NEGVOLTS AMPS

GROUf _ I"

NUMUE# b 5 5

INITIAL MEA N .......... 1.009+001 l.O04tO01 .... 3.652-004 ................
....................AVERAG< CHANGE 8.040-002 I.!OR-O01 -7.600-006

SI[) OF MEAN 2,941-00! 7.248-001 .... 4._}45-005 ......................
................AVK V[-R CKrLi? .(_i_Ai,;G-g ........ 8,038-00i - 1,471+000 -I,97R+000

IN1ERVAL ES;TIi,_.AIE -2.441+000 .... -6.90c)+000_.-_1.594+.00 ! ....................................
......................... AS IP_ii_ C i!Iit_ f ......... 4'035+000 9,116+000 1,199+001

pt:_< CENI AVE CHA,,!G _ _ 7.970-001 1.103+000 -1.97__3÷000 .............

6[_OLJi ;' D

NU._IBER 5 5 1

..................... I N I.T.!.AL ME/)N ........................ 1.!)21÷001 1.014+001 ...... 3_990-005 ...............................
AVLt<AGt- CHANGE -4.44_.{ ÷ () (] 0 -4.380+000 -3o460-004

Sit) UF MEAN 7.375"001 7.5317001 .... 0,000,000 ..............
Av< VE:t_ C_,[_:"' CHAN(SE -4.3_4+001_. =4.315.001 -9,,611+001

IN i EI<V_.L EST ]I.'iATE -5,161)+001 -5,144÷001 -[_.,672+00 ] .............

....... AS PER CENI -3,555+001 -3.495+001 -Bo672+001

ptR CENT AvE CHAa[SV ......... -<t.35B+OOl -4.3_19t001 .... -_.6Z2_'001 ..........................

INIERVAL ESTIHAIE . -4,550,001

AS PEH CENT -I,gOG+O0]

........... P'La..C.EI!!..AvE C L_Ar.IGE _ ,3,22_I+001

6140UH S

NUM[',ER 5 5 4

INITIAl. HEAN 1.004_001 1.020+001 _ 3,692-OQ4 ....

A Vt-R_GE: CHAhiGE" -3.?_40*000 -3.359÷000 -3,145-'004

.................. S]!!._OF_UEA9 .............................1, t95.tO00 ........l.O S,O00 ...... 5.514::005 .............................
AVL. F[:._ CENT CHANGF -3_229+001 -3.?_99+001 -}_545+001

-4,457t001 _ ,1,058+002 ....

-2,131+001 -6,461+001

-3.294+001 _ -P.,518_001 ..........

GPOUV C

NUMbdR 5 5 5

................ INITIAL MEAN ........ !,01I+001 1.010+001 .... 3,.874-004 ......
AVERAGE CHANGE --3.246L001 " --3. 190''001 "4"740--005

SIL) OF MEAN 1.2b7-001 1.6.36-001 . ?.504-'005 .................

i ArK PF.R CENT CHANGE -3.190*000 -3.150+000 -I.215+00]

INTERVAL ESI II_A1.F. -4.594+00Q_ -4.956+00Q_. _,_l ,941*_Q01 ...............................
...................... AS- PER--CE.N-f ............... -1.7L5+000 -1 360÷000 -b• . ,057+000

............ PEH CEN! AvE.C.HAN_E_-3.1_9+000-3.!58+000 " -1.224+001 ......

(

F-TEST 5-889+ O01 5.452÷001 o.533+00.I 0.000+000

................ I...........................................................................................................................
GF_uL!P 5 P-D l.ltl+OOI 1.056+001 8.010÷000 0.000+00012

_ GRuUPS P-S 8.149+000

•, GHuUP5 P-C 9,935"'00 I

": G_<uUi-'S [I-S -2.9b5+00!)

; GH(,UPS D-C -1,0l?_00]

z G_uUP5 S-C -7. ib6+O00

8.159÷000 1.186+001 0.000+000

1.011.000 1.632+000

-2_.400+0U0 -7,305.-001

-_).549+000 -YoO6_+O00

--/' ..149 + 0 O,0 -1 .032+o01 .................................
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CODE 7532

T STO_E T DELAY I RISE I' FALL

UN ! IS NS NS NS NS

GROUP P

N u ;i_ hl_ 5 5 5 5

I_ITIAL MEf, N _.660*001 l.g?fl_O01 7,?,80+001 2;40.0*002

A VLF<AG_ CHANGE l,g(;O+O00 7.400+000 8.I00+001 3,600+001

sl!) OF MEAN 6,490+000 1.696+000 2.02_5+001, 2.417:*001
..................AVE PhR -CEr,iT C_IAi_t_ 6,_9i+000 3o921+001 I,i15+002 1,520+001

................ IL_IE_VAL. _ESTIMATE _ -2..033+00] .... 2._74+001 .... _!..,038+.001 ...... 3.816+000
AS PE_ CENT 3.3U6+001 a-._35+001 1.47_I+002 2.61_"+00]

PLR cE_,Jl ..AVE C._j/', ;_JgE ..... 6...7!:_7 + 000 3.854+001 I.113÷00_.. 1,500+00]

GROUW D

N U M[:_t: R 5 5 5 5

INITIAL i_EAN 2.620÷00] 2.040+001 7.960+001 2.480+00?-

slu OF kiP. AN 7,64.9+000

........... AVL PER- CEJ_T-CH-A},J-GE ...... 9'09?+00] "

INIE_VAL EblIIIAIF 5,766+001
....... AS FL'E_ CLr,,II .... i.225+o02

PLR CEwT AVE CHA'_E 9.OOR+O0],.

I.q66+001

1,764+002

6.H4_+001

2._25+002

1.755+002

1.033+001 !,0f_5+002
2,020÷002 2.087÷002

I,STI+o0_ 1.567+002
2_159+002 2.55_+002

2.015+002 2.073+002

GF_()UP S

_'__ NU _i_ E P 5 5 5 5

_ I,_IrlAL MEAN _.B0O+001 1.9_0+001 __ "f._80+O01 .... 2.,670+002
.... AV_-_<AGhL CHI\NG_[ 2.260+001 2.600+001 1,802+007 4,690+002

_- $1() OF HEAl,} 1,31].+001 ..... 4..743+000 ..... 2,2.32,.0()i ........ [(._,031+OQ! ........
AV[-: PEP, CENT (.:HA,_J(3E B.334+001 1.332+002 2.367+002 1.785+002

2 IN-IE6_VA|. ESTIPIAIh 2,636+001 I 047+002 1 972+002 1,464+002,'T , _ _. ; . . _ " ....

" AS PER CisNI 1.351+00Z'_ 1.57q+002 ?.601+002 2.049+002

........... pEH CENT AVE .CHAjJGE .... 8_,,0"(I+001 1.313+002_ .2.287,002 .... !,757-002_

GROIJI _ C

NUM#E_ .5 5 5 5

(CI.............. I_]IAL HE_I'_ ................. 2.520+0_01 _ I._40÷001 . 7,3G0+001 ....... 2.,400+002_
A v L-.HAGEL CHANG_ __,, 0 (.#O- 00 l, -2,600*000 5,000*000 7,000÷000
STO OF N'-'_,__:.,_, 5.000-001 2_.031+000 3.708.000 Io346÷001

AVL FEK-CEFiT C_IAr, Jbl_. B.OOO-O01 -i.454+001 6.642+000 3.110*000

IN IE_{VAL EST I!4AT_{ -1.410+000 -?,(_3q÷O01 1.199+000 -3.312_+000

................................AS '#_R (2_:}:]_....................2.,_7.0 O,_)-_ i-_ _74 ._000-...... i-._39:_ 06 i ...... 9 ,-iL_+- 6_--0-.......
; pEH CENT AVE (;HAr,_GE 7,937-001 -1.413*001 6.793÷000 2 917÷000

F-IEST 1.415+001 1.823+001 1,563+007 1.060+002

T-TEbT

,2................................................................G,uu_'s P-u '4 ;-53_.-o-oo .....- 4,_)23. o0o -- :-_,75-_-.-d6 o-.....::-I-._YA +oo ]
'. _ .... GHuUPS. .P-S _ ....... -4,32FI+000 -3.224+000 . -I.093"001..... -i.15_+001_

:: GRUUP5 P-C 3.37Q'001 1.733+000 B,377*000 7.755-001

o G_I(,UPS f)-S 2.0_I-00 I 1.6U9+000 -2.1B3+000 1.203+000

G_UUFS {;-C 4. d_(C_+O00 6.45(_+000 1,713÷001 1.356+001

.................. G_I<u.LJ.FS. _.S- C ............................... _,6(_1 _i000 .... 4.95S+OU O ...... 1,931+0.01 .... _I .. 2"3_5+_001 ....7

6

•,iJ. _

?
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TEST RESULT SUMMARY SHEET

Circuit Identification Code: General Instrument 753i(MEM529)

Circuit Diagram:

®Q_,

, ® ®'[ c,=

I

DIRECT

SET (_

RESET.

®

DIRECT

RESET ®

Circuit Description:

Function: R-S-T Flip Flop

Process: MOS Technology

Advertised Speed: Clock Frequency

1 mHz Maximum
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........................................................ CODE 7531 .........................

UNITS NEGVOLIS

GROUV P ............................ _...............

N0 l',ti:_ER I 0

1i\![11AL F!EAN ....... "1 • 9i' l, 000 ............................
................. k,;c.R_,Gk CHANGE -3.630-001

Sit) OF i_E:AN ............. _-058p001 ..................................................

........... A_'E PF__ Cal._l CHANG_ -4-,'(30+000

.................. I)::!_IERVtt[-. kSlItqA. IF . _,6_557+000 .................................................................................................
A5 PF_H CENI' -3,053+00()

.............. PLi__ ..C{,..NI_ A7 C_ Cti,_,:,iUE: ,-4,,_05+000 .....................................

GP,OOP D ..................

N U i./:_ }i'_.P i 0

INII.!/_.L r_EAr,i ........ 7..90P_+.000 ................... -..............................................
.............. A t,' i: r;C#:tGE C It $_,i4 G Iz] -i,7_8+000

SI'I,JOF [.._f/AN ...... 1.053+0f)0 .......................

AVb_ i->i::._ CENT CrtANGE -2,'.P.3_+001

Ir'JI-EHVAI_ ESl It,,IAIE -3,166+0,01 .............................

......... AS Pkii CEhl -I.35B+001

.....................P.Lf<..C E!'!]:...A Y.E _CH ,{_:P!G.E,.....:P-,262+ 001 ...........................................................................................

¢
V _

GROUP 5

NU,"li_ E F_ 10

[r'Jl l IAL I,,+EA N l f, 796+00 {l ..........................

AVeRAGe_ CHAN(_E. -1,961+000

S1U U E t,:i_AiJ ............... )..00R,000 ..........................................................................................

AVt: PF:R CEN] CtiAl,_Gb -2,503+001

........... I N 1E!<.V_tl. _.K-':>TI _-'IA l L ..... -3.393+001 ....................................
" AS V'Lt< CE.N[ -i.(,37+001

....... P Li<. gEt,IT. AVE CiIANOfT, _....-_2,5_15%001 ..................................................

...........S..00 : c.................................................................................................................................................................................
NOr_Eq 8

. INl i 1,_L wlEAN Y.726+000 .................... = .....................

SIu OF l,il_Aixi P_.gu_,-O()_

AV_ PIzTiK CENT ClflAc, JGE -6,034-OOP-

INiL_Val. LSll't,_Alk -3.bY5-O01

.................. A5 iTEi+.-C Ei,;i...............2.-_ 14-001

C;- ......... p._ CE_.!T_!_ve c__A_tTE- ..5.5Ol-OO2 ......................................

F-IEST I •734+001 0.000+000._ 0,000+000.: . 0,000+000_ _

1 -lt:.bl

,_...................Gv<_uv"S...................................4.3 to+000.....o.o0o+ 00o ......o.o oo+o-o0........0-;-o7io,+--b-7)0
6RL, UVS

:: (, i< L) tJ F" .%

•, Ot< OLii,_:_

O,_ t i LJi->q,

:? Ol_, IJ LJl-' _

5

L.

P - l)

P-S 4.908+000 0.000+000 ..O.O00+f) O0 . 0,0(I0+000

P-C -1. t l l+O00

t) - S =5.3 _ 5 - 0 CIt

f:) - C - 5,7.£31 + 000

s-_c...................... - 5.7 3_, Ooo...................................................................
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CODE 7531

V T is- c:
...........................................

Ufwl TS .. r..,kGVOL T S ....................................
...................................

GPOL;H W

NUP_6En 1 0

INITIAL M.FI#,N 3,a29+000

AVLIRAGF/ CIIANGE 2,670+000

................. S]O OF MEAN ............ 2,B_+7+000 ........................................................
AVE PEH CENT (sHArJtDEI 5,927+002

.................. I!"J!E_Ik.VAI ..... KSTIMA]i- ............... l ,92H+001 ........................................................
AS PEH CErT 1,202+002

........... P__k{ CEN_ AVE CH_\F_G{/I ..... 6.9T4+00 1 ..........................

G.FkOUP D

NUI-;B_ R 0

AVht4/_GF_ CHAiqC_E 0.000+000

....... S![) (!F Iv'i EZ A ['! ............ I 0 " 0 [) 0 + 0 0 0 .... .....................

AV_ HE_ CENT CiiAI,._(_E; O.O00+O00

I_,_I EI<VAL h 511r,_l_ IE .... O.(lO0*O00 ............
AS PER (;i'Ll',;'[ O,000+OUO

pEI_ Lst_NT AVE Cl'IA['_(ilE I OIU()O"t'O00

"__ N b r.i[-.,E R 2
i:_ ll'Jl11AL FiEi_i'J 3,632+000 ...........................

AVhRAGE CFIANGh -5,_#4+000

o., . ................................................................. • _-,1STo OF MEAl< .% _ ' _ 0 _ 0 [) l ........................................................................
AvL l_'FZi-_ CLi'_I (.itiANt4l( -9,230+001

. _ ........... !N]ff:I_V_L E-_TIMATE. -2,402+002 ..................................
- AS PER CENT -4._b9+001

............. Plct_"CE4T AyF C,_A uF ..... ? _ _ # _ 4 + 0 0 2 .........................................

NUMBER B

AVLI.,UtG_/ CI-IAI4C;E -8 • 6(:_7-001

STu OF MEAN 1,943+000

A_ e'i-:i_ CEr,_I CiIAi4(:iF -1,2(9.,001

................. i _,! Eft VAL k_ _ I r:!,!,!_.............."6. _ 3 9 t O01...............................................................................................
AS PE_ CEll 1,762+001

........... P!H cE.'_T_AVE CH_r!GE-Z.339÷0o1 ...............................................

F-ILSI ....... 7.6_i5+000 0.000*000 0.000+000 0.000+000

................. 1 " 1 t;.._ T .............................................................................................................................................................
p. G_uUPS P-I) 3.51_I+000 0.000.000 O.O00+OnO 0.000+000

'_ G l,_uUl-'5 P-.'5 4.333+000 O,C)O0+O00 0,000+000 0,000+000

'.-_ Gi<uLJH£ I:'-C 3.163+000

G_L_Ut'S {,-S 3. I;-5+000

G_,L,LI¢. _ I_--C ] .040+000

z (;_,UUHS .<,-C................................................... -2.3,_*_÷ 0 O0
6

£,.,

3

2
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...................................................................................................................................... 7"1CODE 75J ..................................

TW VA

UNITS NS VOLTS

GROUP P

NUMBER 1 1

INITIAL MEAN 1,400÷002 Li,060+O00

AVERAGE CHANGE -I,500,001 1.000-001

SID OF MEAN .......... 0,0.00+000. 0,000+000 ......................

AVE PER CENT CHANGE -7,143÷000 1.316÷000

INIERVAL ESI IMATE -I,(}71+001 ....... 1.241+000 ..............................................................
.................................. AsPENCENT ............ "i, 071 ÷001 i, P_41 ÷000

...... p_J4 CENI AVE CHANGE . -l,Oll,,O01_. 1,241÷000 ...............................

(;ROUP I_)

NUMBER 0 0

INi T I AL .tAEAN ........................... 1.160+ 002 ..... Y.9RO.t 000 ......................................................
........... AVERA6JE CHANGE 0,000÷000 0.0004.000

SiD ()F [4EAI4 -,O,OOO+O00 _O,O004.000

AVE PER CENI CfIANGE O,O00_.O00 0,000+000

........ I NiERyf_L ES.T IM#TE ..... 0,000÷000 0,000,000 ......
AS PER CENT 0,000"000 0,000"000

................. PE R.. CENT__A_V E ._.CI_','.ANGE........... O, 000+000 ......... 0., 000..+ 0.00 ...........................................................

GROUP 5

NU.HBER 0 0

I _I I ] _',L MEAN 1.268+002 7./_60÷000

A Et_,,-_GE CHANGE 0,000+000 0,006÷000

_- ............. SIO OF ME-A N ..................... 7_0,000*000 70.O00'tO00 ..............................................................
AVE PER CENT CtiANGE. 0,000÷000 0,000+000

r,

; ........... IN[E_I-/VAI. _ESIIM#I'E- ..... 0,000+000 0.000+000 ...............
AS PER CENT 0,000÷000 0,000÷000

.......... PC___CE__?I ._AVE CHAh!GE ....... 0,.000+000 " 0,000_000 .........................

GROUP C

NUMBER 6 4

" i INiliAL MEAN ],330+002 8,050÷000

AvErAGE CHANGE -5,250÷000 3.000-001

SIO OF MEAN 1.q49÷00

(._: ..................AvE-PER -(_ENT "CHANGE. ...... '4.4_j6' O0

.................. I_N__I_E_i_._V.AL .ES T.IM# [E ............ -2 • 4 ] 4 ÷ O0
AS PER CENT 1.624*00

CL _ ............. p_-___CENT_.AV E CflAl'JGE .... -3:¢)_4.7 ÷ 00

l 3.266700! ....................................
0 3.907+000

1 .-I.R63+000
I 9,317÷000

0 3.727+000 .........................

.......... F;IE _ST .................... 2.966-002 4.444-002 0.0004.000 0.. 000 ÷00(._

¢,

7

(,

D

T-TEST

...........................................................G_uUF'S F'-U :-5'-i3t--0 0 1...... 2..-6LI-O 6-i ........0%-006,"6 60 ..... -6-.--6-0-0-*-0-6-0......
G_OUPS P-S -5. ] 31--001 2.041-001 O,O00+O00 O.O00+OOO

.......... GI<OUF'S P'C ......... -2.9_*_3-00 ! -3.f,5] -00 t

G_OUPS l)--S 0-000+000 0o000+000

" (;i_OUi-'S I)-C 3.591-0UI -1.225+000

......................9. uu i.s_.s-c...................................3.s i.,o o_I.....-!,27-s,.oo ..........................................................



111_- ,,+,+- .........

.................................................................................................................................CODE 7531

V OUT 1 V OUT-l-L_ .....................

UNITS NEGVOLTS NEGVOLTS

GROUP P

NUMBER I0 10

INITIAL MEAN ....... 1,530"001 _ 1,330"001 ...........
AVERAGE CHANGE -3,#Bl+O00 -3.472,000
ST{) OF MEAN 3.B76-001 .... 3,365,001 ................................

............. AV6 PER CENTCHANGE 'Z'_62÷001 -2.623+001

INTERVAL ESTIMATE -2,646÷001 -2.783,.001 .................................................................
AS PER CENT -2,103+001 -2.440+001

PER CENT AVE CHANGE -2.274'001 -2.612+001 ...............

GROUP O

NUMBER I0
INII'IAL MEAN 1.580÷001

............ AVERt_GECHANGE .................. -8,462÷000 -8,208+000
STU OF MEAN 6.196-001 8.711-001
AVE PER CENT CHANGE -5.366+001 -5.943+001
INIERVAI. ESTIMATE -5.62R*001 -6o366+001

...... AS PERCENT -5,090+001 -5.510÷001
PER CENT AVE CHANGE: -5,356+001 -5,938*001

.... iO
1,38P+001 ......................................

GROUP S

?_ NUI_BER 7 ?
_.:; INITIAl. MEAN 1.503+00! 1.416+001 ............

............ AVERAGE CHANGE .......... =7,720+000 '7.725+000

_ .............. sTOOF.NE.A._ .......................... 2.|96+0Q0 .IQ.536÷OOQ ......................................................
AV_ PER CENT CHANGE -4,709+001 -5.430+001

2
INTERVAL ESTIMATE -6,390+001 -6.3_6+001 .....................

AS PER CENT -3,887+001 -4.527÷001

.................. PERCENT AVE CIHANGE .5,138÷001 "5"457+I001 ......................

GROUP C

NUMBER 10 10
INITIAL MEAN 1,337+001 + 1,174.+001 ........ : ...........

......... AVERAGE-CHANGE .......... 6.004-001 3,671-001

Slu OF MEAN 5,199-001 4,441-001 ................................. :

............ AVE PERICENT CHANGE " 3,196+000 3,205+000
_,..-

................... INT+ERVAL. ESTIMATE ................ l,B52+tO00 ........ 5._596-0.QI ..............................................
AS pER CENT 7,129÷000 5,693,000

(._: ............. pEH+CENT. AV_CHANGE .... 4'490"00 _ .... 3.126t000 .............................

F-TEST 1,756÷002 2,420÷002 0,000*000 0.000+000

12

II

7

6

•,..- .

3

...............T+:TE 5 T.......................................................................................................................................
G_uUPS P-D 1,143÷001 1.334÷001 0,000÷000 0,000÷000

GRuUPS P-S 8,830÷000 1,087÷001 0,000+000 0.000+000
GNUUPS P-C -9,367+000 -I,081÷001

G_OUPS D-S -1.545÷000 -I.235÷000 ....
G_<UUPS O--C -2.080+001 -2.415+001

.................. G_gPPIS. .si_ ......................... :1,733*001 "_'IO_ 8'00_ .....................................



CODE 7531

T F_ISF_ T FALL

UNt[S IqS NS

GROUP P

ll,ilT I AL NE A r,l .......... 1.620._002 .6,200+002
AV_RI_Gt_ CHANGE_ 2,250+001 3.250÷002

S[O OF NEAR 2,500÷001 7,000+001

........... hv- i Pi ii;, -C i T CHAi:JGi:-- i. 57+o0i " S,923+o0i ...............................
INTERVAL ESI I r4AIF -8,415+001 -1.931+001

........................... AS P[_4 _ £F_7_-'1"................... 1 _.-1-19+o02 ...... 1.,241_20o2 ....................................................

........ pE_ CEI__T._AV6 ChAr,,,G_ff ....... 1.389',001 _. 5,242+001 ............................

Gf-_OUP b

Nb(4bl/.R 0 0

.......... ]NII!z)L.__!E.AN ....................... I,.640t002 .. _b,420+002 ...................................................
A V t_14I, (-:,V] CilAI'4GE O,(iO0+O00 0.000÷000

.......... SlO 0[_ r,iEAN .... -0,000÷000 ..-0.000+000 ......................

AVh PEt4 C[{N[ Ciill._'_(gi_ 0.000+000 0,000+000

.... I N TLRV.AL ESl If, tATE ....... 0,000+000 O,O00+O00
AS PER Cf-i_iT 0,000+000 0.000+000

.............. PE_R... CtT=_(T__.A_VF__.C_tp, r-GE ..... 0., 000,_00 o _ .o., 0.00 +0.00 .................................................

GROUP S

NLJMbEt_ 0 0

..... IN TIAL i4EAN __ .I ............. 1,4¢0+002 6 190+002

AVERA(4E CHANGE 0,000÷000 O,OOC÷O00

. .................... S I O__OP _.P}[A.(u ........................... _0 • 000_00_0 ......."-0 ° 000_÷000 ........................................................

_! AV_ PEN CENT CfiANGE 0,000+000 0,000+000

r, _ IN] EL_F<V_AL E_I IMAT_ ....... 0,000+000 0,000+000 ..........................
AS PEt_ CkhT 0.000+000 O.OO, O+O00

p i-( CENT AVE CItAf.4GI.{ 0.(.00 000 0.000+090 ...............................

GROUP C

NUMBER 8 8

.......... INITIAL _NEA_ ............... 1..z_o2+002 5.43£+002 ................................

AVERAGE CHANGE 1.875+000 1.137+002

......... S[_O _OF _.I_!_EA_q......... I..141+001 6.879+001 ............................ :_
AVt:_ PE-R CLNT CftAl'JGtf 1,520+000 Z.272+Oul

.................... I__.f..E F_v AI_.,_ES.I I !:_T E......... -; _4..81_8.,.000 ..... 1.1 O2-tO 01 ........................................................
AS PEt< CLN[ 7,.A62÷000 3.062+001

.......... P L__.C.EI._4_T.AYE ..CHANGE_ _ I..E82.+0.00 . 2,092+001
...................................

...... E-TEST ............. 1,227+000 4.543+000 0,000÷000. 0.000+000

.............. !-_,T ................................................................................................................................................................
': Gl_OtJPS P-D 2,340*000 6.350÷000

" ........ G_UIJH£ P-S ............. 2.340+000 6,350+000

::' G_OUPS P-C 1.919+000 3,692+000

'" Gi';OtJF'S [)-S O.(iO0+O00 Li.(IO0+O00

Gf_UUP5 (i-C -3°9U0-001 -4,445+000

7 GROUPS S-C -3.900-001 -@.445+0()0
6

0,000+000

O.O00+O00

O.O00+OOfl.

0.000÷000
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.............................................................................................................................. CODE 7531 .........................

......................................... T [!E_L_A.Y . T STORE .............................

UNIIS NS NS

C.,I<0UP v'

NU_.IBER P. 2

.................!N_!.TIAL _M.EAN .......... 1 .[_,35+00P- . } .82'5÷002 ...............................

A Vt/R _ (.:,r.] CH_-\ NGE 8.500+00}. 1,025+002

S1U OF MEAN 1,000+001 1.500+00.1 ..........................
.............;_v-EPER CEi_T-CHAi,_(_"....4.4Z4+oot -5.39s+ooi
.................!f_!E_VAL_ESTi.,_#_:.........1.1 to,_ool_ :3.94_,(!oo................................................................

AS PEF_ CP/N[ 8.094+001 1,084+002

............. PER_ CE_!j_T ._AVE_._C[u!'JGE ...... 4,632+001 5,616+001 ..............................

G_OO_" D

N t.iP'HdF[_ 0 0

INiTIAl. !"i[: t&N ] ,850+002- 1,750÷002

A Vt: i,,,A (.;r2 CI--(ANG E 0,000+000 0,000+000

.......... SIu OF I_I_E:A.['4............ -O.OOO+O00. 70.O00+OO.O .........................
AVL, H'ER CENT CI'tA_GE 0.0004000 0.000+000

I NIE I-4VAL EST I;4AIE 0.0904000 0.0004000 ................
AS PEI_ CENI O,O00+OOlJ 0.000@000

.................e_.__c E_Z..,6_v_E__.C.U._,!#.(,_:............O..O.00+o_.o0 .......O_,o_o0•oo0................., ..................................................

o

GF?OUP S

NUPIBER 0 0

l_'illI^L _4EAN 1,700+002 I .630+002_

AVERAGE CttA N(_E: 0,000+000 0.000+000

................. Sl q..OF __![--._A_..........................._-o • 0oot 0oo .r o. oo0.* 0 o0 ..................................................................
AVE HF__ CENT Li'IAI<(5_T O,OOO+O00 0,000+0[)0

.3

:; .................. I'_TERvAI...ESTIt'IAI_F. ._. 0,00_0+000 .... 0.0(30+000 ..............................

AS PER CENT o.ooo+ooo o.ooo4ooo
.............ptfic.E,_-r.__._AvE.5_LHA_'G_-........o:_oo..o,ou_o.....o.ooo +0oo .........................................

CROUP C

NUi,it_ER 8 8

.................I,ql [IAL .,v!_EA_N ................ ]. 75.0+002. .... 1 ..7.75_+_002 .....................................

A V LHA(-_E CHANGE -6.375+000 -9.625÷000

........... S[U uF _,_!EAN ...... 2.07.4+_001 2.543,001 .............................
AVE iPER CEN] CtIAi',IGE -3.538+000 -5.0-%0+000

......................_'?_U:-__V_ L_#:#_!!r'A..!5_..........._-_L_Z_.9! ÷0o i .....- __,_>_,3+o0! ............................................
AS PER CENT 5.625+000 5.7_2+000

pt.H CENT AVE CHANGE -3.6434000 -5.4234000

F-TEST 9 c'_• _._5+000 9.8794000 0.0004000 0.000+000

T-TEST

,--..................................................................G_uO_'S P-D g.6fi4.60-0.......5;_g4*0_6 .....-o.o-oo;o-6-6......._;6 o6-.-O--do-......
_: G_X(_UPS P-S 5.664+000 5.564+000 0.0004000 0.000+000

_ ........ Gr{tJOHS P--C ...... 5.4654000 5'444*000

: G_UU_-'£ t.J-S 0.000+00(_ 0.000+000
'. Gr<uUH5 D-C H.5.25-001 1,0454000

£ 5£5-00]. I 04_+000G_OUPq S-C ........ • _ • ..................................
6
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TEST RESULT SUM_RY SHEET

Circuit Identification Code: Fairchild /2M400

Circuit Diagram:

S5-13

S4-12

$3-11 o

S2-i0 _

Si-9 •

" B-7

J_

..f ¢

J J

G5-2 G4-3 G3-4

_t__

-F
G2-5 GI-6

Circuit Description:

Function: 5 MOS P-Channel Transistor

Process: Planar II

Advertised Speed: Not Listed

--_ D-14

D = Drain

S = Source

G = Gate

B = Body (Substrate)
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................................................................................................................................ .CODE #Hq-O0............................

GM P,I)S

Ut,JIfS NICROI'-IHO K OHt4S

GROUP P

NUNBLR I 0 I 0

.................. INI T I AL__HEA N ........................... 5.! 76_f 002 ....... 1 • 8_4*00.2. .....................................

AvE.RAGE CHANGEI -6.070+001 7,707.001

S[O OF MEAN 2,661+001 . 5.597+001 ................................
................. A_)-E PER -c;El_f Cii-Ai,_GF-j ....... -I .137+001 4.7864.¢)01

......................... !.!_-[ Et<V _L. EST IMAT_". .......... ,I.57..2+001 ..... .2.075+0!)i ..................................................................
A5 PEt-{ CENT -8.239+000 6.1014+001

.......... PE H_ .CE_r_4"I_._A_E___£H_AN_3E.... -I. 173+00! 4.092+001 ..................................

Gf_OUP 0

N LJ;_lt3_-_ 10 8

INITIAL HEAN 4.430+002 ;:". 505+ 002

AVEI_AGE CIHAi',I(.;E -1. f39+002 -b.146-_001

.... STt). OF ...MEA N...... 1,2_9B+002 1.715+002 ......................
AVE PEN CENT CHAr4GE_ -3.¢J36+()01 9.266+000

.......... I _ ! EI4_v/!xL ES.T I HA 1t:! -5,913+001 -7.80R+001

AS P£l_ CENT -1,938+001 2,9014.001

........................ PE_...(_E_..T...A Vj__.CHA I,!5t:. ....... F.3.. 926 + 001 ...... ,2.454t 0.0.1 .............................................

GROUP b

i,_ NUNL_ER 10 10
_ INITIAL MEAN 5.917+002 1.655+002

'_ . AVEIRAGEI CHANGe- -1.289+00R 5.65)+00!

_........................S!_9_....O.C_.ME._._................................!.Oi.5.tO.O.Z........i..3__9±.00..2.................................................................
AVE PEP, CENT CHAr,iUEI -2o249+001 8,414+001
I NIE_.<V AL EST I_IATF] -3.3_2+001 -2.319+001

AS PER CENT -1.014+001 9.157+001

............._ .P_L___CFJ"__T__A_VE_CIIAI,'GE................................................................-2.t-18+001 3.419+001

(_
GROUP C

............... ,_iJ,_-_k_.......................................................i-o.............................i-6.........................................
(_ _............... l,_l T I AL _._]EA.N .................. 5.945+002 2,190÷002 .....................................

A V EI4_O.E CHANGE -4.500+000 -.4,6S2+001

............s T% OF.__:_IA_I__...............2,627_+00.t _.O]6÷OOZ .....................................
C" Art. PEr( CEr_[ CrlAr_GE. -8.219-001 -8,144+000

IN1E -(VAL ESI It,lATE -3.Y55+000 -5.272+001
.......................................... Z ............. : .........................................

AS PE._ CE_'4'T 2.241+000 1.023+001

C _........... PE.H._CENT_.AVE.CHAt4GE -7.569_-0.01 ."2.125+001 ..........................................

.......... F- TC_>T" ............................ 8,_6_[2÷000 3.53"?.. + 000 O,O00+OO0 .... 0_, 000.+ 000 .

T-TEST

,_....................G_4_u_Ps-P-=D ............................3" [59+-00 () Z. 5-45% 066 .......0-,0-0-0¥656 .... 0--.-60-0+-[)-6-0-....

,._.......... GI'_UUPS P-S 1.903+000 3.991-001 O.O00+OOO 0.000+000
_o GHOUPS P-C -1.56_{÷000 " 2.408+000

G_ o U;.-'S O-S -1.256+000 -2.169+000

" (-]._OUVS I)-C " -4. /'27÷000

GHOULS S-C -3.,i11.000

]

Z

-2.745-001
2.009,-000
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..................................................................................................................................................... .CODE _ M 4 00[ ....................................

UNI 1 S At,IPS AMPS

GROUP P

N U MB E R 5 9

.............. !!_IT_AL .!_E.AH .......... I,B02,oo9 ..... 1.389-003 ......................................
AVERAGE CHAtqGE: "I..£_5- 009 -4. 167-004

................ S.] b ._OF _MEAN ............. 1._7!-008 1.607r004, ....................................
AvE I-'EF< CE,q[ CHANGE 1.23Y+002 -2.991+001

...................... !.!_]_ E !<_!__L:__.ES T I tj A_]_ ............... -7. 333Z(!o2 _,.3, £36, oo I ....................................

AS PE_ CENT 1.573+003 -2.1(;4--001

pt:_H C_f,l AVE CHANG_ ..... 4.!99+0o2., ..... -t3.000+001 ..........................

GROUP [_

aUMtl[-_P 5 7

............... !!_.I.T ! 4 L_.!,:!EAN.............................. 3 5_"010 ..........I.. l 02-.003 ...............................................................
A V EP, A(:;E CHANGE 7.720-009 -6.000-004

........... SID _0F.r4FAt 4................ 1.510.008 . .4.655-004 ..............................
AVr_ P_-:H CENT CHANGt-- 2.824÷003 -5.448.001

............. !N-IEILVAI._ ESTII,iAIt- ........ m2.[_66t003_I-9.067+001 ............................
AS PER CENT 7.755+003 -I,B2_+O01

PE.R CE'tT AVE CHA_,IGF 2.445+003 -5.445÷001

(_R OI.JP 5

........... I[!1 [!AL _IE_&_)........... 2.262,010 ..... 1.775-003 .................. ...........

AVLRAGE CHANGE 2.732-007 -8.930-C04

AVE P[I:R (:E: N ] CHAr iGE 5.72_1+005 -5.P33÷00t
[

IN1E {VAL ESIII,;AT6 -I.946+005 -7.414+001

AS PER CENT 4.3_]÷005 -_.64R+OOI

PER CENT AVE CHANGE" I._08+005 -5.031+001
..................... 2 ............... T ............................................................................

GPOUP C

NUML_LR 5 10
INIIiAL MEAN l .59F_-010 1.647-003

AVLRAGE CHANGE 6.5B0-011 -2.500-005

............. STO_uF _MEAt j ............... 2..70[_-0 I 0 .... 2.950-005 ..........................................
AVE PER CENT CHI:,NGE 2.,43+00t -1.285+000

INTERVAl ESI IMAiIE - -l.4Yl+O02 -2.Y33÷000
................................. .... _ ........... T_ .................. .................. "-.....................................................................

AS PEH C6NI- 2.292÷002 -3.024-001

PE!< CENI AVE CHANGe-- 4.1U5+001 -1.518÷000

F-T_:.ST ................................................ 1 .0_8÷000 9.313+000 0.000+000 _ 0.000÷000

T - T _:S T

,: .................................................................................GKuUPS W-O -_t_.t,gY- 50_........_-.-7g3-:6-6F .......d;-66-6-;6-6-o..... -0-;5-66-;6-0_...........
" GROUPS P-S -I ."+_I+_000 2.779÷000 O.O00+O00 ...... 0 " 0 0 0 + 0 O 0 " i
_,) GKuUPS P-C

: Gh,'(JlJP S D-C

7 .... GKUUF'S S-C

4.12z_-0()2 -2.2R5÷000

-I ._60+000 1.5u4+000

4.2i0-002 -3.]?q÷o00

l It. _j ___2 _. 0 q ( ) .... T 5 I 2 _ 3!. 0 0 .I [ ) ..............................................
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.............................................................................................................................................................. CODE jUM4 0 0

VTH BVi)SS BVSI)5

UNI IS VOLTS NEGVOLI'S NEGVOLTS

GROUP P

...........-NUi_F_EE....................................................................................................................................io 5 5
INITIAL t, iEAN 5,266+000 6.09_÷00] 6,057+00t

AVILRAGE CHAI4G[- 8,136-00] 6.876*000 -7,294+000

SIO OF MEAN 9.Q'/5-002 1.2_51+001 2.315+001

.............. A;__ - P_i_ CE]ST CHA;_OE .... 1.576+0oI A.ez7+flOl -i,248'001 ...................

AS HER CLNI 1.662÷001 5,067÷001 3.039+001

............... P[L_ CEr{] AVE CmJA::4@E ........ I " 5 _ 5. * 0 0 i .... i " (_ 7 [_ { 0 0 l -- i -- ] , p 0 Z_ + 0 Oli ...............

GROUP b

N Ui'tb r_P ] 0 5 5

.................!N I T 1 _L !/!EAJq-..............................5_t254 + Q00_........4,593 +o 01 .......6_.. 02 !.-+ O|)__i.......................................

AViRAGE CHANGI- 2,914÷000 -3.11R+O00 2.224+000

S IO OF MEAN 2,173+000 1,295-'001 3.445÷000
............. ] ........ W .............. ? ........... _ -- . .............................

AVPZ PElt CEN] CHANGE 5.663+001 -7,374÷000 #.323+000
1NI EHVAL ES| Ii.iA]E 2,741÷001 -3,80S*001 -2,660+000

AS PER CENT 8.353+00t 2.453÷001 1.005+00]

............ P (I Id .__ . C _ ';_I ! . -- 6 X _. I. . ._el _i 6 _. _ t .......... 51 "__ _ 4 7 _ O I 0 ] ...... r 6 l • "[ ;_ 6 t . OjO 9 ....... 31l , _6 I£ . __ t 0 _ [)_ ........................

GPOUt _ S

_._. NU_',BER 1 0 5 5
_ INI] IAI_ MEAN 4.6[{3,000 4.267+001 5.74t+001

AVt.RAGt. CHANGE 1.824+000 1.5]R*O00 ] .522+000

SIu OF MFAN 9.9@0-001 2,55R÷000 2.136+000

AV_ _JER CENI CHANGE: 4.065+001 2.513+000 4.127+000

,_ ........... I_!_] E_V__\L E5 f I:';A [_ .......... 2,6_B+001-3,101÷000 -!Q6_-l÷OOO .......................
AS PER CENT 5,340÷001 1.022÷001 7.428+000

............... PER _C_iZ Av E CHAIJGE ...... 3;8J) 4÷001 .... 3-557t000 ...... 2.YOf_tO00 .........................

GPOUH C

................ q0;4 ............................................ ................... s ..........................s ........................
INIIIAL MEAN 4.8_4+000 5.857+001 4.574÷00]

AV_-HAG£ CHAI',JG£ 8,000--00_+ 1.346+000 _.344+000

............. S f 9_ _ I o [ MF A!J .................... I t039"002 .... 2. !/R+QOO ...... 1.673,00o ......................

AVE PER CENT CHANGE 2.872-002 2,721+000 1.048+001

............. I !_TEKv_6L E SJ[ Mj_I_........... rl: Z: f _: 0 _ £ . i ..... :_l J , _ _ t I 0 ._J 0 ......... [. _ • t I_ 64 _.OOO I
AS PEt_ C E hJl 1.607-001 6.42_]+000 9.186+000

h r ' + 5P _ CENT AVE CHA4GE 1.638-002 2.29B 000 ,125+000
.................................................. • ........................... : ......................... L ............................

...... [ = _ _l ........................... ]I!2_5+00. I i !'245+000 9"848"001 0.000.000

IT -- T _i b 1

_, ...............GROUPS [_-S ....................-I.991+000 1.0:35+_000 -1.323+000 0.000÷000
:o G_UUF'S P-C 1.6i_I+000 " ].06R+O00 -1.4464000

G _ u Ui-',% r)_$ 2.1_8+000 -8.93g-00[ 1.053-001

GRUUPS [) i C ...... 5 " 7 _ 0 { 0 0 0 -8,606-001 -1,804-002 .....

7 GHOUPS 5-C 3.5924"000 3.313-002 -1.23_-001
................................................................................................................................................................ __-

6

,-,,,
-L/ ......................
,,

3
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....................................................................................................................................... CODE #h',k.O.._o__..............................

I L__AK-G

........................... UNt IS A t.IPS

GROUP P

NU I',I:;IL R 8

INII LAL _.II_AN __ _.................... 1.200-009
AVERAGE CHANGE 2,250'008 ....................................................
SID OF Fii{AN........................................... 6,803-008
AVE PER CENI ChANOE 4.5#2_00(_ ............................................ .................................

INIERVaL. ESTIHATE -2.559+003
................................. A S PER- C Erl]l .................... 6.308-+ (_[)3 ..................................................................................................

............ _PEr}_ CF=[_T _AV__E__CH_,rp,fiE ..... 1.8_75_'00_3 ..............................................................

GROUP D

...........................!N..!!I__t..__.EA_ .............................5_-s75-o 1s
AVEt<AGE CHANGE 1.080"013 ....................................................................................

s i u oF __!E._A(4 ............................. 1.831-01P_
AV_. PER CENT CYIA,,_GE 1.350+007 ..........................................................

INIERVAL ESIIHAfF -3.454+002

AS PER CENT 3.841+002

....................!_ELLCEkT_.Ay._E__C.H&!:,{G_:......... l., Y.3Zt.O0t ............................................................................................

GROUP S
o ............................................................................................................

,__ NUi,!NCp 7

_:: .....INI TI_AL __]EAN ................................................................. 9.222-013 ................
AVERAGE CHA NGF: 5.(77-012

SIC: OF HEAN 1.060-01]

. - ..................AVE-P ER -cE.T_F-_:Yi £X_£ .........i--,9 5 I 7,-O0_ -

. ,.. IN|ERVAL ESTIMATE -3.575._.007
........................................................................... _ .................................................

AS PEr, CENT 1-610+003
PER CENT AVE CitANGE 6.2.64+002

GR OUl-' C

NU,",u ER 8

, INITIAL MEAN 2 590-013

AVERAGE CHANGE 5,360-011

.......... S[U OF NEAN l.b26-OlO

"i A V _L--P E _ --CL-N'1--- C_tA--NG'_=...... 8--' 951 ÷O0'I"

IN1ERVAL ESI'Ir4ATE "_2.840÷004

AS PER CENT 6.979÷004

"_ PER CENT AVE CHANGE 2.069÷004

F-I KS1...................................... R..J47-O01 0,000+000 _ O:000.+O00.. 0.000+000

T-lkbl

,_ .....G,-OUP-d--V:O-...........................i- f 4-8_0-o6......-0_iY0-0-_-6_-6....6-._-0-6;-6-6-o-.......-6.-B-6_-T+_j_-#--......
,, c-,ROUPS P-S I 265+000 o 00o+000 __ O_.OOQ÷ooo .... 0.ooo+ooo
:_ G_<OUPS P-C 1,306*00(}

? ..... C,I_ 'd U F' S O-S -2.817-004

3 6_OOi-'S I)-C - -2.730-003 ......

;".....................9_ _u{:S_.S-__c..............................7.2, 6_.__.,o.0.3.....................................................................................

2)_ .
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............... " ...................................................................................................... CODE /.zHl÷ 00 ..........................

CGf._-2 . CGD CGS

UNI IS . PF PF PF
.................................................... i ...................................................................

GROUP P

NDP, UL# 5 5 5

..... lI'Ji T I AL M E i_.!_ ........................................ 2.437+000 2.126+000 2.220+000

AVr_R_GE CHANGE -2.870-001 9.940-002 -2 .120-()-02 ..................

............... SID__ .............................OF NI_]Ai4 6.128-001 4. 204-00_2 .... 2.303-_Q__01 ..............
AVE. HER CENT CMANL_E -9.189+000 4.766+000 -4.853-001

INIEHVA[ eSII,_ATE -3 9(0÷0(..)1 ........ 2. 479"00.0 ....... .-1,248+.0_.0..! ..........
z_S PV..R CENT 1,,615+001 6.870+000 1.057+001

........... PC!_ _C_(:.'4T. Av_E__C_!-!/!i.,16_ __ .-!..!_f8.+_ool __ #.6/5+000 -9.550.001 ......................

GROU_:' D

INITIAL t4[-A N
...................... - ................ 2.._! 3.1_+ 0.0.0_........ 2.13R!OQO ..... "_• 2-7_8 ". 0..00 ...................... i ..........

Aqt:_AGE CH 4,'4Gh -3.820-002 -i .3z+0-002 -1.094-001

.......... S iO OF..I')EA[_ ..................... 2.747,002 . 2.277-001 .... 4.668,001 .................
AV& F'_P,, CEJq*_ CrlA,_G_ -1.754+000 6.135-002 -2.779+000

INII-HVAL £,STII,',AIF -3.223+000 -I 216+001 -2./55+001

AS PE_ _, ('ENI -3_611-001 1.094+001 1.7'95+001

p_R CFTt'4T AVE CH_XGE - .792+000 -6 ........................................................ =....... -........................ ,, ............. 1 ..................... 123 - 001 - 49 _ 02 * 0 O.0......................................

GROUP 5

._,- ............_u-_,___-_..................................._ ..............5........ -s-....................I
" If_'ll IAL. !JEAN ................_ .................... 2.2,'21 +000 .... 2.153.4"000 .... 2.128+000 .....................

AV" ....,,.I,_A Gr CHAi'4GE -6.200-003 1.466-00] 1.434-001

Slu OF MGAN 3.605-00? 6.95?_-002 4,743-f]02

_, AVE HER CENT CI-IA;_GE -2,489-001 6 901+000 6 7974"000
.. • •

INIERVAL ESTI_4ATE -2.062+000 3.2244"000 4.576+000

a,S PEH CENT 1.5,2.3,000 1,040+001 8.954+000 ................
PE_ CENT AVF CHtV'_GE 2_.792 001 6.8[04" 0 6 ' 4"................. _...... • ..... - ........ •..... _ _ -._ ......-:-__ ......... ._ 0 .0_ _ _ ,{.0 .o0_£.....................

GROUP C

.... N (.j;,.iL-;._-............. . .......... or__ ..................................... '-3-........................_ ........................._ ..................
"_ Ii4i rlAI. f4EAN 2.156+000 2.1074"000 2.087+000

A v _i-'_A GE cHAr'_GE -3.020-002 9.460-002 4.560-002

Slu OF MEA_'4 2 282-002 1.068-001 2.455-002
........................ v ............. " .............. - _ _ .........................

j; AVE PF_-_,_ CEi'41 CHAf4G_ -1.3e_0+000 4.62.£4"000 Z.220+000

................... !.N .I].E N V A__L__P-.s _T.I.t'!_A_T__E_................72 • 5/6t00.0 ..... -_l ..__l.3.7 +_o_.Q_&...... 8_, f. 8.5._- o._0.1_............................
AS PE_4 CENT -2.253-001 1.012+001 3.4914"000

" PEIR CENT AVE CHANGE -1._01+000 4.4894"000 2.185+000

........... F-_T_:Sr....................... I.I/,8+oo0 1.6394.000 1.043+000 _0..0004"000

12

11

L,I.

T-TEST
.................... - ................................................................ i

GHOOI3S-tS_-D - ................... -I .-431+000.................... i _,509,'000 5.964-001 O. 000+000

......... GROUP S _p-S ................ -1.615+000 -6.3t5-001 -l.tl3+o00 .... 0.0004"000 i
GF',oUPS P-C -I,2_7+000 6.4?__2-002 -4.517 Onl -

G_,t{_UPS D-S -I-_+0-001 -2.141÷000 -I./10+000

G}q'J[J_5 {)-C -4,600-0[_ -I .445+000 -I .i')4_{4"000

..... G_<OUPS S-C 1.380-001 6.957-001 6.614-001
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TEST RESULT SUMY_ARY SHEET

Circuit Identification Code:

Circuit Diagram:

Radiation Incorporated RD210

(14) Vcc

o----_
o-----I_

0

HI. 8F_Q
OUTPUT

--°

(7)
GND

Circuit Descript ionl

Function: DTL NAND/NOR Gate

Process: Passivated Epitaxial and Dielectric Isolation

Advertised Speed: Propagation Delay

7 ns Typical
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CODE RD 2_!_0............................

VHX ZERo-1 VMIN ONE71 VIA,< ZER0_:8 VI41_'J (:)tq_E- 8 . _

UN! T5 VOI_TS VOLTS VOLTS VOLTS

GROUP P

NUt',!t_EP 5 5 5
INIIlAL HEAN 1.3t5+000 _ 1.387+000 1.383700_0 , !.565÷000 .......

........... A-_)ERAGh cHA_qi3E .......... -5.9_+0-002 -5.140-002 -4.460-002 1.760-002..

Slu OF t-IF:AN 3.92_I-003 6.354-003 .... 6.548.-003 ........ 1,863,002 ....

................... A-V-E PER CEili[ cHAic_E_ -4.5i9÷000 '3.703+000 -3.223÷000 1.121÷000

INTERVAL i_5] IMA| E -4,849+000 -4.213÷000 -3.751+000 -1.976-001
........................... Y............................................................. ..................................................

AS PER CIfNT -4.187÷000 -3.196+000 -2.699+000 2.44.7÷000

PEF{ CENT AVE: CHA_GE -4.518+000 -3.705÷000._ -3,225+000 . 1.125+_0.00 ....

GROUP I)

........... .................................... g s 5 5
I!,'LTJ. t,L P.F_.t_,_!.......................... 1,355._00_0 ....... ] .¢_2#'-t000 ........t .42_4+0.0P ..... ],..62"(_t_0_r}0...........

.............. A VLRJ_G[- CHANGE -5,760-002 -5.300-002 -4.680-002 8.80o-003

SfO OF HE:AN ....... 2:22O-002 2..12_-002 1.800--o02._ 3.967-r002 ..
............. AVE _EN CEr_T---CIIAi,JGE -4.23o+000 -3.69].+000 -3,272+000 5.468-001

INIhRVAL ESFI_4Ar& -6.07}.+000- -5.367.+000 -'_.689+000 -2.166÷000

................ AS PF-R -CENT .... -2,432.÷o0o -2.o5s÷oo0 -1.8B3÷000 3.248÷000

PER CENT AVE CHA;,.!G_ -4.252+000 -3.70_÷000 -3,286÷000 5.409-00]

GRO@P S

_._ NUi"ib_-R 4 4 4 4
t" _........ INII!AL - MEAN ........... 1,334÷000 1.408+000 . 1.405.0.00 . _1.594+000

AVLR_GE CHANGE -5.@,90-002 -5.200-002 -4.350-002 4,22,0-003

SIU OF MEAN 7.717-003 6 600-003 6.000-003 9,586-003

...................... /_ V#_.-i3 _.1# C {_i'J I- - C ##i _GE_........ _-4.3_-]. + O00 -3.694+000 -3.101+000 2.667-001

: I N|E_<V_L ESl[ IP!AI F. .5,146+000 -4,33_+000 -3.685+000 -5,61R-001

"' AS P[R CENT -3,552+000 -3,046+000 -2,508÷000 1,095+000

......... p_!___CE:!qT_ .AVE__CIIA_NGF._._ - 74.349÷000_.-3.692_._00_0_ _7:_.09__7.+00_0 ...... "_.666_-001 ....

GROUP C

N U r_b E R 5 5 5 5

• .,,oo-oo 7.ooo-oo  .,oo-oo3
.............. S ID UF_._.MEA)? ..................... 5.3_5-003 1.275-003_ ._4.03_!_.:-003 ..... 9.4_41_-90_3_ ......

AVE PEP. CENT CHANGE 4,3-/'3-001 3,149-001 5,023-001 5,938-00]

............. I r_l E:_ .Vff L__E 5_T..I_MA1 E ......... -_ I .. 350700.2 .... 2.12R_.O .0.1....... 1_.,,7_9.9_-. 0 Q.h___'-5.-'_5-!-6-'--002_ ........
AS pew, CF/NT 8,853-001 4,146-001 8,181-001 1,255÷000

.......... _P__b_ C£NT .AVE CHANGE :........... 4.359-0Q [_ 3. 137-_0£]._ ....... 4.99_0-_00] ....... 5,,998.-00!. _.

.......... F-It s1 _.............. 4,094+00t 3.503÷001 3.831*001 3.212-001

T-T_ST

_, G}_OLJHS t-'-S -1.8(8-001 8,446-002

_ GI-_UUi-' S P-C .................. -9.2f5÷000 -8.331+000

GI_{,bPS ()-S 5.3(_5-002 -I .40P,-O01

". G_<otJ_-' S [)-C -9.0i9+C)00 -_.5/0+000

; ............... G_).uUp S... S_C ........................ ,8_:557 ÷000 -7.939÷000
5

3

-t,757-001 9.460-00]

-8,740+000 6.013-0ni

-5,_70-00] 3,_74-0_I

-E,II3,O00 -6.013-0_2
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................................................................................................................................. CODE RD210 ........................

IlM DRIVE

UNI I'S MA

GROUP P

NUMBER 20

_ ............ I_I l.lAL MEAl) .............. 2.440+000
AVERAGE CHANGE -2.250-007_ .....................................................

SI'U OF MEAM 1,194-002

...................A-_trL.-PER CENT Ci:iAH(;E:.....--9-:277-00 i.....................................................................

.................. I "_11ER.V_AL ._ES T I !'4E ly: ............. , I.-! 4.5 + 00 O..........................................................................................
AS PE_ CENf -6.987-001

.............Pg___CE_hT.__A_VE ('H(_._(';__.__-9.2!9":0Qt ..................................................

GROUP U

................-nui,itiEP,............................................zo..........................................................................
I"JL T I A.L.__EAN ................................................ 2.370÷000

A Vr.RA(_E. CHANGE -2.300-00_

S]'D OF MEAN ],q'_6-O0 p

AV-E-IPER CENT CHArJGI:. -9,667-001 .............................................

....................I_ni_E!_vAL. EST I!,,aT_.-:.........-I•ZZ__t000
AS PL_< CEi,<I -7.13,_-0ol

................ P.e__/...cE,.T_.A_V._._.C..!_.____._-_.........- 9,7_0.5- o_o_] ...............................................................................................

GROLJP S

'_4 N U t,1b FLP 19

" ............. IN l 1' ! AL .MEAN .............. 2 • 355+ 000
A_ERAGC CHANGE -2.42]-002

................_SrO..ur...!4.EA??.........................I•6.54.-00Z......................................................................................................
AVe. PER CEI"_T CrIANGE -I,007+000

:" INIEkVAL ESTIMAIE -1.35-1+000

AS PER CENT -6.985-001

PEH CEN'I AVE CMANGE -I,02_+000

GROUH C

NUMBLR 20

................ I_N.][ T 1_AL .........ME A r4......................................................................2. 553+ 000
AV_RAGIz CHANGE 2,910-012
STU UF MEAN 8,807-003 "

................ -AV-_-:Pe:_ CEN-I -CH-X-r,;C_E:.......... i-, 5o8--:o04 ........................................................................

....... _I_'![E.__VLLL.ES!l L4A__!_E...........-..t._.57_3,ooi
AS PER CENT 1,573-001

PER CENT AvE CHANGF 1.1_0-010

F TEST ......................... - ................................... 1.704+001 0.000*000 . 0,.000_+000 _ .0.000+000

T-TEST

"........ -_ OP-S-P-;-6.............................................................................................................................1.757-oo1 o.ooo+ooo o.ooo+ooo o.ooo.ooo
, .........9_uuvs P,s ................. 4 ?.46-0oi 0.000_-000 l"- 0 " 0 0 0 * 0 0 0 0 " 0 0 0 + 0 0 0

GRUUVS P-C -5.659+000
Gh(UUP'S [)-S 3.0U5-001

GHUUHS U-C -5. ?f]/++O()()

................. GS._) Y ['.__. siT. £ ...................... TA _ £ I 91 z 0 0 0

)



" ......... " .... --!58-- ......................................................................

................................................................................................................... CODE RD210 ..............................

IIi",l LEAK IOUT DRIVE V F()RWAP.D VSAT

UNIIS AMPS MA VOLTS VOLTS

................9_?°U_._'t........................................................................................................................................................................
NUt',iUER 5 5 5 5
INITIAL MEAN 1.636-009 3.082*001 7,422-001 3.006-00]

.........................................................AV_,_G_. CHANGt Z._:_0-01-O --5.S40+000- 4,8oo:003 - -_+,V_o-0o_ .......
............ S']L) tLF..._H_EAN ........... 4.(',00-010 .... I .I.?-5+000 _2,424_-093 ....... 2.83_2r00_ 2_ _ _

AV6 PER CEN[ CHANGE I.;;67+001 -1,794+001 6,456-001 1,59]+00]

INTERVAL E5 [ IF!ATI-. -1.3_56+001 -2,203+001 2,841-001 5.440+000

Pt/R CENI AVE CHANGE 1,736÷001 -1.798+00! 6t467--QOl_ ........I_.590+00] __

GROUP D . _........

NUMBER 5 5 5 5

INII'IAL MEAr_ 1,659-007 3.070+001 ?.37F_-nol 3.176-001

............................... " ....... " ................ _-;6__::66_i.....'g:16b+ O06..... 5.Sb6L6O3........ 3-,,-_)-',)0-007 .........AVERAG_ CHANGt-.

............... S I'U_ OF _[4E:A_N ................. 6..t_4 _ 7 ,.0 07 ...... 2.07b+UUO _.l_l-Ou3 i. 7-,,T.- u .,,':
AVE PER CENT CHANGE 4,693+001 -1.305÷001 7,866-001 1,i02+001

............ IN ]E f_VAL_. E.S_TI!!A !E .... _-2,761÷002 ,2,105+001 4.625-001 .....5.069+000
aS Pk_ CENI 5.920+002 -6.047+000 1,110+000 1,760+001

pER CEi_iT AVE CIIANGE 1,580+002 -1.355÷001 7,861-001 1,134+00]

?._ NUMBt-_ R 4 5 4 5

_-_ INITIAL MKAI'! 1,527--006 .3,026+_001 . (.374-001 ...... 3,154-001
...........................................

A VERA(3K CHANGE -2..,500-011 -4,020+000 6,250-003 3,300-002
: SID UF Mk-A_ 3.037-010 2.753+000 4,558-003 4.809-003

........................AVE -PER CEi;[f"(;-H#A-_-_.-----4-;5_,%-:0ii......£i,_.76;-06i........-_-.,,-96:oo_...........i'ZO-5_;o-.Ff............
:_ ........... !_'LI_EI!yALE S!I__;!AIE...........-'2_._?_I3-.002 .....-.2.3.39+.001 . ,4. I{÷8-003_ _8..77Q+.0o0

AS F_ER CENT 2,5_5-002 -3,184+000 1,699+000 1.216+001

.................p_r____¢_E__T___AvE_(;L!!6_!_E......-_L,64_uO.O._3__-I,.3_._-,_ooi .......___._,76,oo!.......I._o.__6_*ooJ__

GkOUP C

NUMBER 5 5 5 5
INITIAL MEAN 4.000-005 3.016÷001 7,380-001 3,154-001..... : ..................... " .. J. ........

......................................................

AVEkAGE CHANGE 1,350-010 2.?.00-001 6.200-003 -5.000-003

..............SIo UF M_EAN ....................2,1_35-.o_!0 _ .5.0_7,p91 .... ?.131,003 7.624-00_3 .....

AvE F'ER CENT CF_ANL_E 2,000÷001 9.35F_-001 8.369-001 -1.420+000

INTE_VAL ESTI._A1-E -2.528-004 -l.l_3tO_O_O .... _-._5__,3._.3_g--0_0_!.... -4_:2_6__9_t000__ .......
............................. A-5---P-E i_---CE- i:_-i............. 9-,, -3 2 87-:0-0-4 ......... 2-,602+000 _,214+000 1.09q+000

pE_ CENT AVE CH/AN6E 3.4_.003.004 .... 7,29_42.00_1 _ 8,40.1-00!_ -!,_585,000 ....

...... F:T.F.S T............................ '-9.3Y2-00! 1.159+_001 9.4!!-002. 1.08_6+001._

I'-TL51
................................................:i-;-i_-_.-_bo-o......: fZg-__5;-o-/ib-....-:3-2_if:_1-....-i-T.P.-6>%-o-E.....u GI'<OUPS P-D - -

_ GI/OUPS P-S 1,537-003 -1.46g÷000 -4,493-001 . 1.50[a+O00 .

:o ............ GtxuuPs P'C .......................... 7.811-00_ -5.56?+000 -4,601'001 5,379+000

(i_OUPS t)-S 1.305+00fl -1.35?-001 -I,394-001 3.056-00]

6muuPS D'C 1.3_3+000 -_-.229÷000 -I,315-001 4.171+000

, .............G2U_.u._s_ s_-.c......................ra_:.Ol_!rO0_ -4.09¢.000 1.549-002 3.a71÷000 .........................................................................................

6

Z

3
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CODE RD210

............................................. T-R I SE_- ...... T-F ALL ...... T- D_,"b A Y- __ _]_-_S ] OR E_........

UH I T5 NS NS NS NS

GROUP P

NUi_6ER 5 5 5 5

........... II_!TI_AL_!_4EAN ...................... 6.500÷000 _ 8.20__0+00! ..... 5.8_001.Q00 ..... 1.08_01001 .....
AVLRAGE CHANGI6 I ,200+000 -2,400+000 4.000-001 3,000-001

......... S ![_)__OF _Mk_--A[j ..................... 3,062.-00 t_.... 2.915 ! 000_ ....... 2 • 500r.QO 1_ _ __3.062-_0 O]_ .....
AVE PER CENT CHAr.!GE 1.873+001 -2.809+000 7.121÷000 2.774+000

.......................INl_e,V(_l .....E>!I!!ATE ................ t.,..37_3+00} ..........-6.875..000 ........_Z,_!lOtO00 .... -3..7.0>-_-09.] ............
AS PER CENT 2,309+001 1,021+000 1,168+001 5.92__6+000

................... P .b_____CE..N]]._A. yE_ _Ct! A _,_9 C ........ 1.846+_001 -2.92"f+OOO ........ 6.. 897 +_.000 ......... 2.778t000 _

GROUP l)

NUM[_Et_ 5 5 5 5

.................... !!__ 1 T I ..,_._L__(,'!E ,2,!______................. 18_...1_0._°__.+.00_0........ 8 ,. ! 2 Q_+0 o !_.......... 6.., 20 O¶ O_0.0_..... 1....!) 39 _+0_9_1 ..
Av_ RAGE CHANGE 8,000-001 -4,000-001 4,000-001 6.000-001

.................... $.r U_.ol_i _t_!E A7_ .................... !.,225+000 1.87!+000 ......4_. 677-OQi .... 6...i 2.'_- 09 ]
AVI/ PEF_ CEiql CtIAIqGE 9.917+000 -I÷.750-001 6.732_+000 5,905+000

............... IN Ij_E!!V.AL__ES]Ik, AT E ...... -6..913+000 -3.051_.,_000 .._-1.925+000 ....,7.765-001 .
AS p[-r{ CENT 2.667+00] 2,066+000 1.483,'001 1,243+001

pEH CEi_I AVE CHANGE 9.8"?'7+000 -_.976-001 6.452+000 5.82r_+000

NUMBER 4 4 4 4

INITIAL t4EAN 6.600÷000 8.08Q+00! 5.80 o*O_OQ .....!.040tO0!
..............................................................

AVERAGE CHANGE 1,125+000 -1.500+000 6.?.50-001 5,000-001

..................... sllcL!__OF_Y'_ _A_"3....................... 5:>? 8 -_00 1..........2._.-_?OAt.O0..0_....... Z ,23._7_-__O 0 ]....... _4.,7.]_"t_-._o__k.......
AV#/ l_ffN CENT CHANGE 1,731+001 -I.798+000 1.136÷00] 4,762+000

_ ............ Ir_l ERVAL_ E STigmA IF- ............. 5.506÷000 ..... 76.8127"_000 3,918i000 -1.438,000

A5 PE_ CEN1 2°859+00] 3.099÷000 1.763+001 1.105+001

........... P.__._CF_[_d____YF__crtA_:_GE ........ 1, ZoStO 0 t ....._ k. __>6, o0.o ..... _L..O.ZStg_ o ! ....... _., .8o 8_+o o o ._

GROUP C

NU_iBER 5 5 5 5

................ IIqlTIAL MEaN ..................... 6._9_00,000__ 8.240t001 ..... 5,900÷000 ....... !.08O*QOl ....

AVr, HAGt, CHANGE 1.000-001 -3.200+000 2.000-001 9.000-001

£1u OF I_EAN 2.500-00] 2.000+000 3.062-001 4.677-001
........ _" __. _ ' ___L ..................... "" .................................................

AVE PER CENT CHANGE 1.176+000 -3.847+000 3.357÷000 8.452+000

..................... I N I_E_.HV.$.L__E..S f_ I _MA._f_E_..... _, Z •_5.74__to 0.P_..... ,6,5! 9__*.0_.0_Q___- Z ..3 7..3_Z.0_Q_O____3_.._52__5_*_0_0O_........
AS PER CEN'I 5.472÷000 -1.188+000 9.152+000 1.314+001

PEH CENT AVE CHAN(SE 1.449+000 -3.R83+000 3.390:.0p0 ..... 8.333tOQO
.....................................................................................

......... F-TF-.ST ........................ 3,06.5+000 1,53__+000 .... L.449,ooo . ..I,72.5+ooo.

_ GI_ UL,Ip S P-D 1.001÷000 -1.462+000 0.000+000 -I.I18+000

_, ......... GRu.UPS P-S 1.770-001 _'6"207-001 _.-1.103+000 ...... -7,027-0nl
:: G_uLJPS FT'-C................... 2,753+000 5.847-001 1.040+000 -2.236+000

GHuUPS D-5 -7.66A-OUI 7.5_,0-001 -I.103+000 3.514-001

GHOUP5 D-C 1,752'+000 2.0#6+000 1,040",000 -I.iI_+000

G PS S-C................... EU_q .............................. Z_._.__I_.t0 o.o...... ! .._! .7_k..t o0 o...... _2_.0.83_t0_00__-._!_.A0..b_ 09 _0.........
6



...................................................................................................................................CODE RD210 ..........................

RIN GAIN

............ UNI I S K-OHMS !

GROUV P

NUMBER 5 5

INITIAL MEAN 1,669+000 3.230÷001
................. AV-_AG_ -CI-_ANGE .................... 3,,9802o02 " --9'94-0_-000 .................................................

SIO OF MEAN 7.461-00__ 4.579+000

................... AVE- eEi_--dEr:_T C.%.i.J(_E...... P.4_5+6oo L2,969-÷00-i ..............................................
INTERVAL Ebl Ir,iATE -2.580+00() -4.652+001

............................... _ P-r:_ -C _rTi ................ 7-,,3-50-÷0o o.......:- i. 5 6 3 ÷oo 1- ...........................................................

............. P__La._c E_:.T_.__AyE C.!TIj_N_G__...... 2.._3t_5 ÷000 -3.077÷001

i-

GROUP {)

NUMuER 5 5

................ IN I T.! At._..._:!LA'>!........................ I_. 7_4 t 0oo....... 3. ;'3 n_.to.o1.......................................
AVt_RAGE CHANGE 1,080-002 -1.366+001

............. S_]U_ OF .N_CAI! ....... 7°6_40-003 1.254+Q01 ......................................

AVE PER Ct-r_T CHA!_JOE 6,241-001 -3.923+001

......... Ij_I_ER_VAL__ ESTIt,IATE __ 1,3_I,001 -8.539.001

AS PE_< CENT I.i00+000 8.i04-001
Pl:i_ CENT AvE CtlA_'JGI_ 6.159-001 -4.229+001

GROUP S

•' NUF t{EP 5 5

_" ............ I,IIIAL (_E_A_...................... l,'t_8+O00 .. 3.326÷00.1 ............ i ........................................

AVERAGE C HAi,_GE I ,2_0-002 -9.920-'000
SIO UF MEAN 2.000-003 2.380+000

AVr- PER CEr_I CHAr4GE 7.331-00l -2.958+001t'3

INTERVAL ESI IHATF 5.983-001 -3.777÷001 .......

AS PE_ CENT 8.495-001 -2.188÷001

pER CENT AVE CMA_,JGE 7,239-001 -2,983+001

GROUP C

NUMdE# 5 5

............. I N I T I_AI:__FIE_,N ............ __ l; 64_2+ 000 ____3.114+001 ................................

AVERAGE CHAHGE -1.900-002 -1.380+000

.............. S_Tb_ OF [!FArj .................. 4.oQ_-o#2 ...........!,634+00# ...........................................

AVr_ PER CENT CHANGE -1.183÷000 -4.796÷000

IN !_E__Rv/_ L ES_] .!.[:I_,A_IE_ ....... _"_3.8_6.8.+ 0_..0_0.... 7 i_. q 26_+_0_01
AS PER CFLNI 1.554+000 1.396+000

............ _P_R CE)_'qT AVE C_HAMgE____-I.15ytO00 -_f.432+000 ...............................................

....... FTT_ES_T_...................... 1.996÷000 3,629+000 0.000+000._ 0,000_÷000 .....

T-TEST

n GP,,;SUP S P-D 1.205+000 9.631-001 0.000÷000 0.000+000

.i." ............ GHOUPS.._p.,_S ......................... 1.122÷000 _..5.178-003 ..... 0.0007000 0.000÷000.
'_ GHuUPS P-C 2,444+000 -2.216+000

'_ . GROUPS O-S -_t.313-002 -9.6_43-001

GHOUPS ()-C 1.P39÷000 -3.179÷000

' ......... GF<OUFS S-C 1.322¢000 -2.211÷000
6

3

3

2
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TEST RESULT SUMMARY SHEET

Circuit Identification Code: Motorola DTL-EPIC Gate

Circuit Diagram:

PIN 3 .____]_,

PIN 4 *----l_---

PIN 5 ,---_._.._-----

° PIN 6

Gate 1

PIN 9 __.____t.o

PIN 10 _---l,_<_--

PIN 1] *----I_--

PIN 8

Gate 2

PIN 1 _-----I_

PIN 2 ,_____-_____

PIN 13 ,_____

PIN 12

Gate 3

7

Vdd GND

Circuit Description:

Function: DTL NAND Gate

Process: EPIC (Dielectric Isolation)
Approximate Speed: Propagation Delay

5 ns Minimum

80 ns Max imum
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........................................... -163 __ ..............................................

..............................................................................................................................._CODE DTL-EPIC

...............................................VM [.NUJ,!E.1......YMxZERO:I . )IIalNQNE-9 .... VI',I×ZE_yO-r9

.................................... uN I I ..-7,...... VOLTS _ VOLT._ ....... VOLTS ......... VOL!_% .......

............... L-Y.k0_ __..t! .......................................................................................................................................

N U i-h-._E __ 5 5 4 5

............. I_LIlAL_.MEAN ............ 1.335+000 1,296+000 -.-I.459+000-- !.3")6+000 .-

A Vri_-_Gi CH A_Gri 9._00-002 "1.,_40-002 2,012-001 l.llO-Oal

................. S l_.. OF f:_IEA __ ................ 1 ,'+27-002 3.027-002 .... 7,34.9-fl07 .... 3,019-002

AVE i_E_ CIL','_I CmAi'_3tZ 7.225+000 5.757÷000 1.3_'7+001 7.921+000

.................... I (NJ __-I<VAL.._S _T.I !4A ]'.[- ................ 6 ._050 +.O00 ....... 3.147.+000 ...... 6 ._B52, 000 ..........5.55 i-+ 00-0 .......
AS PFL_._ C£hlT 8._24*000 ti.333+000 2.073+001 1.035÷001

................ P._R GEi_I__.AVeL CHA;'HJL! ..... 7,237+.000 ..... 5.7z+0+000- . 1,379+001- 7.952+000-

......... GROUH U ........................................ ; ............................

Nu _,,i__q-.p, 2 _ 2 2

.......................... 1!_I.} J.AL...?ciE_ _N ........................... 1,3.56+.000 ........ 1.327_+000 ....... 1.439+.000 .........1,419-÷0.90 .......

A Vr...r_aGr. CHi_NGr 8,950-002 6.!50-002. 1.665-001 4.900-002

................ STu_uF t<EA,',, ........... 1.000"003 ..... l.Onn-O03 _ 2.300-002 9,200-002
AVL PE!;H CF'qT C_iA".,(_E 6.003+000 _+.635"000 1.118+001 3.421÷090

........ IN]Lt<VAL ESII:a../_TE ..... 6,13z_*00(I 4.156+000 ..-1.368+000 --3.7-/".P.+0_}1

AS PE,_ Cr_Nl 7,0/1+000 5.113+000 2.099+001 4.463+001

...................... pe_R .Lt-NT._AVF___CmA_6f .......... 6,6U3+00t) ...... _-.635,.000 ........ I,IIS+I)0I ....... 3.452+0r}0 ....

............. GRO_Ue S ...................................................................................

: %" - .......... I!S.I I 1A L..>i_*_N ................ 1,319+00g- I°289+000 1,436+000 .... 1.376+000

. AVii_AG_ C H ;_,"_(_ 1.000-00] 6.300-00_ 1,560-001 9. 800--00_.

. .................... S l_O ._.uF..._._ k_A _,_......................... 0,.U00+000 ......... 0.000+000 ...... 0.000*000 ....... 0.-000*000 .........
" AVe. r'F__ CE._,I Cr_A:'qGE 7.582÷000 a. BaS+O00 I°086+001 Y.122÷OnO

j_ .- °
L.,.-_ ....... I,;_.TI!!<V:_L,_ESII_::IATk ......... 7.bS2+000 .... 4.8._38÷-000 -- -1.086+001 -.- 7.112_'7_÷[)_){) -

A.% PE_ CCNI 7,6_2÷000 '+.88_+000 1,086+001 7.122+000

................. P{'.t',._CEIqT_A_/E._CriANC_E ........ 7-.5-_2+000 . _4 . 8 g 8 + 0 0 0 ...... 1.086+001 ..... 7.122+O00 -.

NUI,I!._L_ 2 2 2 2

............... I N I I IAL._ r,_EA,_t .................... 1,353+00fl .... 1.324÷000 - 1,499+c_00 ..... 1.415+000

AVE_40E C H A,x_(.;g _.'a'50-O 02 2.400-002 -2.500-fl03 -3.500-003

............... ST.'J_OF__HrfA:_ .......................... 1.000-003 ..... 6.000-003 - .3.000-003 ...... 3,00(1-003 ....

AVt. I-'FR CPL,q.T CHAmG6 2,180÷000 l,sa9÷000 -1.688-001 -2.500-001
I __.'1',ttLV AL_._ES_[_J_?,]A]- h ..... 1 .-LI. 0-+--00.0 ....... _ 1, rl ._66-+-0 (}0 .... -_.I-. 438 _.000__..--_1 _-5-9_4_÷-.00 O ........

AN PER CENT 2.0_9÷000 4,692_+000 I.i05÷000 1.I00*000

.............. P__t_._CEHT_.._AvE__CrIAExG£ ....... 2-1c_0÷-00O .... 1.813÷000-.--1.668-(101 .... -2.473-001--

J

12

I0

o

7

......... F_'-IKar ............................. 2 • 151 +001 .... ;8 • 467 +000 .... 7.674 + .000 ...... 5 • 783÷ 000

-T..".:I g S l ..........................................................................................................................

G_uOt'5 P-O 8.13g-O01 6.954-001 8.051-001 2.146÷000

............ (3t_uUv5 P-S ........................... 9 {-/-001 .'+.6_4-00 I 8°121-001 .... 3,437-001

Gr<OUFS pIC 7.692+000 2.717+000 4.721+000 3,96A'+000

........ Gr<u_J_-q i)-S ......................_1.223-001 -_. b?_-I)i;2 l .120-001-I .159+000

G_"(o u }-' S ,,-C 5.Y05+000 1.6'91÷000 3.391+000 1.521+000

G_ u_U_--'._.%__%,-.C_.......................... _ , 52.1 _*.0 B 0 ..... 1.. 43 & +-0 O0 .........2 . 597 -+.[} 00 .... 2,400-+ .000 ......
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..................................................................................................................... CODE DTL-EPIC

.......................... I If_t,'_l VE_ __ I !NLEAK ....................... :_ _.

................ r__!,Loq _ t _..................................

NU MhI-.:R 15 5

............... INI[ IAL ..NEA_N ...................... 1.152-003 ..... 2.0L_0-010 ..................................................

AV[ikA()r CHANGE -7,333-000 6.700-010

.............. S'[u__uE_ NEA _,I_.................. 4,738-006 . 4.371-010 .............................

AVr_ PEr_ CENT CI'IAfiGF -6,791-001 3.7?_7+002

......................... I !___]-E _ V_!&L_.E 5 T. ILL4.A[E ........ -B • 506-_00l ......... 8.o 8..Z'L+ O[) 1 ..........................................................

AS PEt_: ChNl -4,165-001 5.555*002

....................... Pt.__._CEt>ll'___AVE ..CmA,'__f3E....... -6,366-001 3.221+6 "_}0< .......................................

.......... GPOU_P _I_...................................................................................................................

NUM_LR 6 2

...................... I _:4i :[1 A L ._ [,_E A N .......................... 9. i-00 _,00-4 .......... I.. 50 i_--00. 7 .....................................................

AVER;_GL CMAHGE -I ,OOO-O05 -6.479-008

........... SIu t,[ [-IEAN ...................... O.O00*O00 ._ 1.304-007 .......................

• (--r- •AVL PEr< Clir, lf CHAhI,,L --1 IUI*o00 (_.233÷001

................ I N]t-.i::V AL ES[.1HA] E .... -l.C99+OOO -5.95J.+002 .........................
AS "-'I l:.h Cr_NT -1,09_+000 5.(18:4+002

.................... RER C FL!l],._.A_v i,_. C rtA H(5 E ....... ---1., 09.9* 000 ...... -4.3].6,001 ................................................................

........... 6t-_OU!! :._.................................................................................................................
_._ NU!'IblJR 3 1
!:_'-._............... I!'_.[,]IAI...i4E_lq .................. !.440-003 ._ 1.000-010 .............................

-, A VI-.I_,AG E CHANGE -l,OuO-005 7.000-010

....................... SIU..UF. vI--!FAr_....................... O.O00*OOO ......... 0.000+000 ...................

- _- A vl'i P'E;( CEHT CHAr, it:;E -6.9,_-4-001 7.000+002

--- ................ I ._-I k _{V :_L ---E 5 I-] -_'iATI -........ -6.9A4_001 .... 7.000,'002 ...........................

AS -" CENI 7, O0 002PI'_4 -6,944-001 0 +

-. PE_-C6_'_I_.A_IE_CI_.A:,_I31-: ........6.9'+4-001 ..... 7.U00+002 .................................

...... GEOU..P__C.

NUH_Ep 6 2

............. Ii'41 I J.AL _NEAN .................. I ,270-003-. 5.500-009 .............................................

A V <I-,:AGr_ C HAI','GF 0.,000+000 -1.050-009

.............. S]'u _UF_..NEA[,_ .................. O,O;JO+O00 .... I .900--009 .....................................

AV_ wEt_ CENI CriA,,!GE 0,600+000 -l.SoO+O01

.IJ_,_.l_E [ LV.AL_g.S.I_I MA-T-E 0-- 04-0-* 0-1)0---.-- 2...3 a 6-+4 02.-

A5 PER CENT O,O00+0OO 2,004+0U2

..................P_LH _CENI___AVF_ £|-IA,_"ibl_L_.......O,DO0*O00 ......l.qOQ+O01 ........................................

.......... F-TEST ....................... 1.103+001 _ 1,5_2_+.000 .........0.000+000 ......... 0.000+000

............. -T ._.I E.b_i

GHUUPS P-D 1.644+000 2.078+000 0.000*000 0.000+030

............. GUUUI-'S P-5 ..................... 1,255+000 ---7.2"f3--004 0.000+()00 ...... O.O00+O,.)O -.-

GHUUF'S P-C -4,52_0+000 5.460-00_

..... GI_.Ub t-S r}-S ..... O.OOO+OOO -1.42,'] +OO0 ........

G_uUPS I!-C -5. 157+0UI) -1.693+000

................. G,L<UU.PtS....S_-C -- 4 ,Z LO -+-OOU ..... 3.7.9 .%.--002 ....

1

3

_Z
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CODE DTL-EPIC

..................................... !OUlbh] VE R PULL-UP .................................

............................. U r_I T.s ........ J:_r,_l-'....... o HH S ............................................

c.-.,__P.U_C__....................................
NUribCP 5 5

............. I!,l_l]lAL_..t-lE__.r,L ............... 1.6"/0-007-_ _ .4.815+003 ................................................

AVLPAGE CHAi'_GIF; -I-ZB4-OO2 1,6HO+O0

.......... SILL_OF FiEAh ............ I .5q2--003 2.]22+00

AVE PER CENT CHAI,!UIf -7.72-(+001 3,406-0U
................... 16! .[.I:_.L<VAL _ E b_l-.I L-A 1L_ ............ _-8.. ? 14 ÷ 001 ... _.-1 • 404-_00

_S PER Cllr,_l' -6.663+00] 8,383-00

............... p Fl< _CEr_T. AVE CtiA!J(.-,6 ......-'{.6t_9_+001 3.489-00

0

0 ...................................

2

2

6F;OUP [;

NOV, BER 2. 2,

.......................... I!_J.]Li._L ..... iJEAI')! ....................................i. z_bO,-_O02 ....... 4,7.t_7.,.003 ...........................................................

AVmF.AGt. CHANG[I -I.iq5-002 -1.300+000

........... SI.u t:E P!EA!'_ ........... 2.5(!0.0U3 .__ 1.200+000 ...................................

AVh PE_k CEr_I- CIIAF,,,GE_ -7.6"{3+001 -2.765-002

........... IN]L._,,VAI.._ EST].r_iATE -1.895+002- -l.14gO-O01 ...................................

AS ktl_ CEI':T 3.057+001 1.332-001

..................... F'riH ..LE,,IT..AVF...Ch;\l,;(ati ....... ----7,, Ug? + 0-01 ._._- 2!. 7-39" 002 ..............................................................

............... C_.OUV _S .................................................................................................

f _ NOi'.ibLF: 1 1
zz_

i _- ............. INIIlAI_ _MEAI_I ........... 1.830-002 .... _..8B4,003 .......................................................................................

A VLI-<AGt CHANGE -1.3_0-002 4o_O0+UO0

_" ...................... STu ..UF._ NiEAI'_ ....................... 0.0-00*000 ...... 0.000÷000 .........................................................

,._ AVE PE_ CEw\iT CHAi,,GE -7.322+001 9.R27-002
-. _ .................. Ir'_[Lt,,v..'\l__ ES._-IIHAI.Y_ .... "/.327+001 - -9.827---002 ............................................

AS PER C_LI,Jl -7,37_+001 9._27-002

................ PtLk_ _CE[_ I _A V.E__C t!AJ,:GE_ --_7.322+001 - 9 • 82__-7-002 ...............................................................

............... (Lq/0U e c:

i',lUPib t F', _ 2
................... INi l iAL .I.IE_I:' ........................... i_.370-002 .... _.270_ 003 ......................................

A VEI-.'_GE CHAN(_E -5,000-005 -2,000+000

............... S 1U.__UE__IkEAH .................... 1 • 000-_.00_- .... _-.0 UO--OO 1 ......................................

AVL. HE_ CEI..!T CMAIHGF -3.5k/]-001 -4.673-002

_.__Id'_I'.htLVA L_._I:L$,l.ll,i a 1 E____----_ 5 ,_0_02+-00-'J------I_,_0.6.4.-'--00 ]

Ab PEH Ct_!T 4.?'(2+000 1.267-002

............... P. i'- _i .__GE!,J I__ A V [ _ C rIA I,,G E........ ,3. (_50-001 _-_q • 684-7002 ................................

.......... l<.T._<bl ........................... 4.730.001 .... 5.810.000. _0.000+000 _ 0.000+000.

I-. IE3]

Ge<obrS F'-D -1.242+000 2.237+000 0.000+000 O. 000+0['0

.............. _G_<ub H5 P:.-S ................ 3,8,L1-001 -i.789+000 O.O00+O00 0.000+000

Gt_(;twS P-C -I. I_÷2+001 2.7_3+000

.......... Gr< Ot't" S l.}-S . 1.1%0+000 -3.12;-!+000 ..............

G_UUWS I)-C -8. br_'O ÷ 000 4.397-001

GI_U b _.S -.S -_C .................. ---8. i 46+.000 .......3.4 I_7.* 000



-166-

.......................................................................................CODE DTL-EPIC

................................. 1-R rSE ............... T-FALL ...... r-DELA_ Y ..... _!--_S T 0 i_'E .....

................................... U,'J !._.rs ....... N._,..................... " NS ..........NS .............. N. S ......

GROUP P

N U Mi.4L_R 5 5 5 ._

....IijI]_tAL.PjEA_[_ ......................1,12"-0+00_1 .....?,190+002_ _ 1,030,0DI .....H,.,4O0+_O0.1.__

AvLRaG[{ CtiANGE 5,J O0+O00 -2,000+001 c),O00÷O00 -6,200+001

............. S]U OF .V!EAi_ ......... 4,u'._6.*000_ _2,3(}5÷001_ _.3,953-(}01 __2,95(J,'-001._

AVL F'KK CEI"_T CriAN(_F 4,3_6+001 -9,036+000 -I,003-001 -7,219+001
.............. I '_4_[t H_ AL _F_5.11{"/_I.L .......... 4_,')221_000.._-2,0 L_2_O 0_1..... m!t. 261_* OOO ..... _-._I_,128_,002 ..........

AS P'Et_ CENT 8.o15+001 2,554+0U0 _÷,261+000 -3.482+00l

................. PL}!_CEtq_T AVF[ ('.t!A!;,!_E ..... z+,551_+001 -9,132+000 _ 0,000+0_00_ .-7,381+00 [ _

GROUY _)

N U MU _i R

........................... I!_I_] £AL V!E !_ I:,J......................... 1.,300+00

A VLt',_GL CHAI4Gt 6,0UO+O0

.............. S I U._OF t4EAN ........... 0,!_0U+00

AVL VEY,' CENI Ct_/._.._E 4.;.'_/5+0n

.......... I N] Er(VAL _EST II_IA IIL ........... @,015+OU

AS PE_ CE__I 4,hiS+U0

....................... R L._<..._C.L rJ_]-__A_V.[.. __ti.A.i I L_.E:......... 4, _).[ 5 _.0 U

2 2 2 2-

1...... Z, 05 O.'- O02 ........ i, 175 +001 ...... I_.,590 +.002 ........

0 --1.500+000 t).O00÷O00 -1.360+00;?

_) 2,5o0+001 0,000+on0 .... 2.20r_+0o2

1 -3.512+000 0,000+000 -7.264+00 I.

1 -.-U,II3÷O01 - 0-,000+000 -9,646+002-
1 7,3_'.2+001 0,000+!)00 7.935÷002

1 .... -.3. 659,_0.00 ..........O,.O 00 +-O00 ...... "-8,553 +0 nl ...........

............. (H!

#__ NUpIbLR 1 1

_ ..................... IP_Ii (AL Pk.A_t ?,bO0+.00U .2.250+002. ._'_,500+00

AV Et<MGE CHAr'JUE 3,900+000 -2,500÷001 0,000÷00

S [.0.__U F_. IY!i- A.!"!-....................... 0 • U U 0 +.00.0 ........ 0 o 0 O0 *. U.00 ..........O. 000 *_[) 0

[,2 AVIc. I-'E_< CEI_I CHAi',iUE- 4,000+00i -l,llt*OOl 0,000+00

L z ................... I!q]Ltf, W\L.ESI.Ii:I/_TE ......... 4..OUO*O01 _ ,1.111. +001 ..... IJ.O00+.O0

AS PE_< Cr_;'4[ 4,000+001 -i,ll]÷OOl 0,000+00

............. PL__i:{__CENT_A_ViL_CnA!,,_cSE........4,fjy0+OOl ......,l,lll÷O01 _ 0,000+.00

ouH S..........................................................................................................

1 1

0 .... 1.300+002 ......

0 -I.060+002

0 ....... 0.0_0.0 + 001) ........

0 -8,154+001

O _-8,154÷0n t_

0 -8.154+001

0 ___-i_,15#+-001 .-

_;ROUH C

N tJ 14_ h ;.:t 2 2

............. INj, I_LAL_ _,EAl,i_............... I_.26Z÷001 ..... 2.033+.002

A V _i_,_,Gr_L CH ;t I',IGE 2.300-001 -I ,1'50+001

..............S] U__OF __/,IEAN .............. 5,000--O01 .... 1,500÷

AV!L PE)_ CEN[ Ci'tAr,_Gf:: 2.%U0+000 -8.7'9[÷

.I i__.l_Ei&_lA L._ ES_T_I.I.LILILK....... --2. J 1-fl-*-001-- _5,54.-7 *

AS PEH CLNT 2.705+001 3.L_26,

PBI_._CENT AVE_CIaA_IGE ..... 1-914-÷000 - -8°607÷

2 2

1,117,001__ 1.753+002 ....

-2.500-001 0,000÷000

001 .... 5,000-00

OOO -2,500+00

001---_3,069,_00

001 2,621÷00
000 .... 2,239+00

1 -- 0,0O0+000--

0 0o000+00_

1-----0-,.0-O0z00_) ........

1 0.000÷000

0-. O-O00+O00- .

F _-__TL.b I" .............................. I_. 6cjl+000 .... 2,706_001 ..... 3,200-001 .... I .491-*000

12

G_4OUI--'S P-L) -3.092-001 -'t .939-001 0.000+000 1.319+000
11

............... GHUUP_S .H_-5 ............ 6.#'-10-001 2'.425-00] 0,t}00÷000 _ .5,989-001_
10

C t-
Gl-<Ul_PS P-C 1. _.t._+ OOl) -] .SHP-00I 9,25R-001 -I,I05÷000

9

............... 6r_UIJl_S D-S .......... 8,i1!_-001 . (.b_3-OU1 0,000+11_30 -3,653-001
G14bOr'S l_)-C I._JF-0+00O b.314-Od] -Z.Y4b-OUt -2 02_+0()0

2' °

!-,4b_u_qff_5__S =.C__.......... _-I,. _.9_'[_-_OO_1....._-.3, ;2 5 4 __00 _1...... __• 3 2 5 _-_0_0 1_......_-_1.,_2_9_l_+_O.Off........
6
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Circuit Identification Code:

TEST RESULT SUMMARY SHEET

Motorol_ MC962

Circuit Diagram:

PLN 3

PIN 4

PIN 5

PIN 9

PIN i0

PIN ii

PIN I

PIN 2

PIN 13

Vdd

PIN 6

Gate 1

__ PIN 8

Gate 2

Circuit Description:

Function: DTL NAND Gate

Process: Epitaxial (Monolithic)

Advertised Speed: Average Propagation Dealy
12 Minimum
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................................................................................................................ _CODE t4C 962 ...............

E _........................................................... _VM_iN_- ! ...... yMXZ6RO-t V _M.INC)N(-9 ...... VMX,ZEf_O-.9 ....

UNf [:, VOL'[ S VOLTS VOLIS VOLTS
........................................ • - .................................. -- ............................. t ..................

(_ _ 0LiP P

NUHuLR 0 0 0 0

............... I[!I_X IAL...r4_EAij .................. 0.0 U0_t000 ...... 0.000+000 ..... 0.0O.0+ 000 ...... 0. 000 +000 _

A V r..H A GrZ CHANGE 0.000+000 0.000+000 0.000*000 0.000+0O0

................ S[.N._VF .NEAN ............. -0.0U0+000 ..--O.000÷000 _ --0,000_'000 _.-0.o000_+.000

AVE _ER CENT CHANGE: 0,O00+000 0.000+000 0.000+000 0,000+000

............... I.:_-] J_KV._L _.ES ]" I MA.I6 ............... 0-. 0.O 0 *. OO O....... O..U O.O+ OO O........ 0 .,_OO 0_,.O O0 ........ O.,_0 O.O+.0_00 .......

AS PE_< CENT 0,0O0+000 O,000÷000 0,000+(100 0.000+000

............... R.&.d_..CEf_].AV__CI:1ANeE .... 0.0004-000 ........ 0..000+.000_. 0..000,.000 .-0,0.00+000_

NUMUY_ R 3

.....................IL%i_1-IA L._-_'iLA.N_ ...................I-,#.Z_3 *..000.......1..404.* 00

AV_-R_GE CHANGE 2,267-002 1,400-00

................... S[U...0F__t4E/U_ ............... 6.611,00_2. _. £.658.-_00

AVt. VE_R CENT CMANuE. 1,514+000 9,984-00

..................... i!_ [L__VAL_E5 [ INA1E ..... -4.910÷000. -2.842+00

AS PER CENT 8.051+000 4,836+00

.............. P.E__.L: E_:[__A.VLC.t:tAH6E ....... 1 • 5 t.0_+.0.0.0 ...... __ ,.96.9._-..00

G F!O_U_v..V_.................................................................................................................

3 3 3

0 ..........1,59_.t.o00 ...... 1..50_,.0.00 .....

2 7,433-002 4.100-002

2 _._1.460,00] .... 8.06_-002 .......

1 4,666÷000 2.729_000

0 --I,392÷001 .... -8,147+000 !

0 2.325÷001 1.360+001

1 ...... 4.,6631000 ........ 2-.726.+000 ..........

' _ _ NUFiL_LR 4 4 4 4

• %_'_................ INi].IAL_ME_N ...................... 1,423*000. __ 1.31_6*000 _ 1,559*000 --1.478_Q00 ..

,-. AVLHAGr" CHANGE 6.100-002 3.700-002 2.367-001 1.140-001

............... S LU._UFL_MEAbt .... 1....0 LI-002- ......... 8.0 U[]-.-003 ....... 8.42-7-0,92 ..... 2. 604---.002 .........

Art. r'ER CEHT CtlAN61! 4.__80+000 2.665+000 1.511÷001 7.695+000
C _; ................. I__[E_VAL._ESIIMAIIE ............. 3.307.0U0 -- -i .874+000 . .-7.737+000 ...... 5.285÷000 .

AS i_EH CENT 5.265+000 3,464+000 2,263÷001 I,01z_*001

.............. P___.C E,_I_I. AVE__CMA;_G_ ....... 4.286+000 --2..669+000 .... 1.St_H+001 .... -Z.713+000-.

...... _6__Q_uU__¢_
NU,-.iUEq 3 3 3 3

.................. I-r_ l ] i &L--.r,!EAN -1.426+000 ...... 1.389÷000 .... 1,563*000- --1.480+000
A Vt-htAGE CFIA P,IGFi 3.7U0-002 2.067-002 1.167-001 6.633-002

.............. S [.d _UF_..MF..AN .................... 3 ._" 14--002 ..... l.. 995-002 ----I. 2.01-001 - -- 6../2iR-OOR-.-

AVt_ _'E.'_Ct_NT CMA.4CsE 2,695÷000 I.Z_93+000 t,518÷000 4,510÷000

.I_N_L._LLV>'_L_EZI.I _._AIE ...... -----2-. 2 b2.'_.0.0. 0 ..... ---1 • 425 "_000-.-----_8.. 124-+-000-----.-4,..-140.*-04_0 .......

AS pF_ CENT 7,453÷000 4,400÷000 _,305+001 1,371+001

__P__tt__C E NI _A_ E__C r_A_(SE ...... 2 • 595 ÷000 ..... l • 488 *-000 ..... 7, #63 ÷ O00 .... 4.4 S3 * 000 ....

E_-T_E.5_IZ........................... 1.1434"-000 --- 1.2__31..000 ......... 1.589.÷000-_- 1-195÷000 -

T-_I.<&I

I '_ G_UUPS P-U -1,415÷000 -I,477÷000 -1.250+000 -1.366+000
__:'_ ............... G_!uU_S _P_r_5 ............... .4.3'_7__000 ._4.. b08* 000 .4,597*000 _.-4,3g_*000 ....

,o GF4OUr'S P-C -2,3[0÷000 -2,181÷000 -i,962+000 -2,?.09*000

......... Gr_L, Ur.'S [)-5 ............ -I .b'd9÷000 -I._335+000 -2.065+,.q00 _ -I.838+0rI0

Gr_uUPS I)-C -6.387-001 -4,974-001 -5,03_-001 -5,966-0oi

'" G _ (_U£'_S _ .S._.__C....... I • 1.33_ ±_O0 [L ...... J.... ] 0 ] ._ _0 0 0 ..... l " 5 2 ]--*--0 O _ .... _ I 2 1O O * 0 0 O ......
6
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CODE HC962

......................................................... !IND_IVE ....... [!NDFL!VE ...... IINf)P, IYE___ I!_N_LE,_K . .

........................................ u!!IL[s ....... AMP ............... #.r_e ........... AI'.IP............. Ar4P .........

GROUP P

NU_'iE_rR 0 0 0 0

................... I!_.ilLA.L_NE_LN ................. 0.-000+00_0_ _. O.OQO*O00 ..... 0..000__000 ..... 0.0_00+000 ......

AVLR;_GE C_t_,t_Gl{ O.OUO+O00 O.OUO+O00 O,O00+O00 0.000+000

.SIL)_..OF 14EAN ........... -_O.OOD*O00 --0.000*000 _-.O.O00÷O0.O_ __--0.000*000 __

AVL_ PER CENT C_Ai,,_GE 0,000+000 0,000÷000 0.000+000 0.000+000

1 N_]._._ _/.AL _h 5 [ .i]_! A ]: t ............ 0 ,. 0 U O., 0 O0 ..... 0.0 U O.÷.000 ...... 0.,, .000__0.00 ...... 0 .. 0 O_O__.0.0 _0........

AS HF_..H CENT 0.000+000 0.000÷000 O.OlJO÷O00 O,O00+OOO

............... F_'E_ _ E_,_T__A_V/_..C 0 Ai_ GE .... 0., 000÷0_00 ..... O. 000,0_00 _ __0.0.00 +.0 O0 .... 0..000.000 ....

............ _Gr_0 u!:i. u ........................................... : ............................................................
N u I"!t-_t',_R 3 3 3 3

................. i('J i_'[.iA L... IT]E #,L_ ....................... 1 _,137 =003 ............1.137_- 003 ........ 1.._140 ,--C_03 ..... 5..1.67.-.0,1.,0 .........

AVE_R_GE (;MANGE -I,000-005 -1.000-005 -6°667-006 -2,667-011

............... 5 ;/L,___£JE _.2._.EAN ......................................;', IZI-O05 . ;£. 121-005 2.550__005 .... 2.454-010 ....

AVE Hi-_'t_ CENT CMANGE-. -8,696-001 -B.61_6-001 -5.665-001 -7.740÷000

................. INIEH.VAL ESIINATE .... -_4.655÷000 -4.665*000 .-5.12_i_÷000 _i.015+0()2

AS PEH CENI 2,906÷000 2.906÷000 3.95_+000 9.117.00]

................... Pt-H...CEi_ T_ A._LE...C I:IA'3G E ........ .-8. 798_--00 i ......_-._b. 7.98.-.-001 ..... -5.o 84.8-001 ...... --5.16 i-* OiO0 .........

........... (kk_Oqh S ................................................... : .............................................................

N U Ht4,1/r-4 4 4 4 4

I,_.I/IAL_NE_._,'_. ........................ I..I/÷7-_003 .... 1.152=003 ..... 1.152-003 - .4.625-0C,9 _.

AVEF_I_GE CFI_NGE -_.750-005 -3,250-005 -3._50-005 2,500-011

_S T.u.._t, E_. N E A.,_.......................... .5 ..7_I 4--'_006 ...... 5.72 4 -0-06 ....... 5.77k --00 6 ...... 8.400__O-t 0............

AVE eEr_ CFNI Cd.A._iGE -2.399+000 -2.619.'000 -2.819+000 2.042.,-001

z ................. IN]It:_WAL_ESTIdAIE ......... --3.090+000 .... --3.5[0+00Q - ,'3.510,000. -2.z_48*001 .....

AS PER CEi_I -1.7u3+000 -2,130÷000 -2,130÷000 2,556÷0i)]

.............. PEH_CEi'_T__AV h_ .ChA,,iGE. .... --2 • 397 + 000-- - -2. z_2 O> 000 -_2.820 .c000 ....... 5. # O5--001 -

......... _._..0 P__L C

t,lU ___-;t. r_ 3 3 3 3

.......... I___IIIAL_,.qEA{,4 ................... 1.16.7-003 .... 1.167-003-- -1.167-003 __8.348-_009
AVEHAGt_ CHANGE -2°667-005 -_.667-005 -2.667-005 -1.813"010

5-Iu_. U[-_MEA_'_ 2.sz8-0o5 ..... _..82B-005 ..... 2.828-005 .... 3.003-009 ......

AVE PEd CE.N1 Ct-tA!._GI:'. -Z.299÷000 -2,2_99÷000 -2,_99÷000 1.099+003

i!_./EI_V ,x L_ES I_IJ'-_A_LE_ -3-. 2 u 3-,4_ 00___---Z. 2. 03,.-000------7-. 2'-03*000-------I.. 5 i-3 *-00 -I.........

AS PEH CCr'_T 2.632*,J00 2.632÷000 2.6324"000 7.079÷00,1

P__CE_T AVE_CtIANOE_ _-2.286÷000_ :-2.2V,6.000- -2.286-,'000 -2.172+000

E -_Tr_ hi_ _Z. I00-001 ...... 1.032"-000 .... 1.197.000-- --I • I 0_I--.002

Gr_UUl_ S P-D 1.017+000 1.017.'000 6.311-001 3.05F_-0,)2

.............. G_UU_S_ P..S ................ 3.228÷000 3.815+000 .... 3.553',000_ -3.310-002

GHL)UHS F'-C 2./11 "000 2.711÷000 2.525"000 2.079-001

........ Grt(3Ur'S D-S ............. ].345÷000 1. (;:'9÷000 l.S#9÷ono -4.419-002

G_uUPS o-C 1,19R+000 1.19A+O00 1.33c)÷000 1,254-031

G__UJJ_ S.__S_.-_C .... :'-6* _iJ 4--.-0 O2_--- 4.. _ [&21---0 Ol------_ °-125 ---0 O--L--- I-.1 _{9-.--0 _I ......



................................................................ -!Z!r .....................................................................

................................................. CODE HC962

................................................ IOUI 0RIVE RPtJLL--Up_ ...........................................

............................................ uNi .r_s.........  3.P.............. oHMS ...............................................

GROUP P

r_

k

!Lo

Nur-,I_E# 0 0

.............. l!_[tAL._.!zIE__f__ ................. 0,00O÷000 . 0_,000+O00 ..................................

AV6.f_AGE C H A I'_t.+_ 0,000+000 0,000+000

............... ST._# _C)F.'__P,,tEA ;"L................... _--_0. O00+OOO -0,000+000 ...............................................................

Art. PE,-,t CEr'+T .Ci-_At,,_coF__ 0.O'dO+000 0.0O0+000

I _NA.F_..:,._+,%AL_..L $_T_I NA_T_E........... 0-,.0 fl 0.+0 t) [)........._O..,0O 0 .+(J.tJ0

AS PErt CENY O.UO0+O00 0.000+000

.................. Pi___CENI._A VL_ CH_i_6E ........ O. ()U0+O00 0,000,000 ...................................

.......... Gk OU_-'____q................................ _ .......................... - .......................................

NOi_t_E_:_ 3 3

I !_ L[£_AL_L¢, _I_ N_............................ I -- 0. I 0 -_0.02 ........ 3, I/4 i-÷ .0 O3 ...................................................

AVcR,4(SE CHAr_GE -2,500-003 6.750+001

..................... SIO ..'OFL__HEAi'4....................... 5,093-003 1,524+002 ..............................................

AVE PE+-< CENT CHANOE -2.qU4+O01 2.135+000

............... Ii$t ERVAL. ES]_I r,;A IE ..... -1,270+002 -7.695+000 ..................................................................................

AS PEt< CENI 7.Y53+001 1.19q÷Ool

...................... _P_._._x.._CE ,_.I-._A_V.E_ C mA i_ (3EL.... "-2-. _- t 5 * 0 tl i ..... 2. -I 49.÷-000 ................................................

NUf, ibr R 4- 4

1.3.= _................ IN1;IIAL_ t_]Elt['.l ..................... 1_,072-0(12. 3,478+003 .........................................
A v t__Gt_ CH/_i_GE -7,275-003 i.829*002

: S I U .__b_-_...t_!EAN.......................... i-. 1 33- 003 ....... 1.7 ] 4,0 O 1.......................................................

L _ AVtl i_E_ CEf_T CtlANG_" -6,762+001 b,454+000

L_. -;' .............. I,_ZKr<Vs_L.- bS_I.[ hihl_ ............. B.239+00] ...... 4.579*000 .............................................

AS PEF_ Ctiml -5,328+001 5,937+000
................ PF..i-_ ._CEs_I_ AV___CM,exr,2G_ .... 6.7_3+001--- 5.25_÷000 ........................................

..... __G_ g U...P___C"

NU¢.IrsLH 3

............... I _i_IJ AL ..i4EAN .............. 8.800-003 -6

A v t F<;_Gt- Cl_hGE -3,'(U0-003 1

.SIu___uE .F_b.AN .............. _,, 1221,.--003 - 1

AVL PEte CENT CHA_6E -4.162÷001 2

I _,N_[t._rx.v/x.L __£_5]_I H A-L£ - .L* 3-1-0 _'.002 --_t
AS PEF< Cr_NT 5,294¢001 6

Pr..._,x_CEr,IT__.AvL_ CttANGE__ _--4.205÷001 - 2

3

,195÷003 ............................................

.048÷002

.310+002 ...........................................

,695÷000

.S3_OOg

,835"000

,498+000 ..................................

E IES[ .... 8. -_--- "............................. I.k64*000 995 001 ..... 0.000+000 .... 0.000_000

-I-'_T r.Lb."E

GKUUeS P-D 1.36R÷000 -1.226+000 0,000+000 0,000÷0O0

............... GKLJU_'S _P-S .............................. 6.5'97+()00 _-3.836+0o0 _. 0,000+000 - -0.000÷000-- r

G_uUHS P-C 2, U25+O(JO -l.9O4+OOO

.............. G_L;0t;.S .0-3 ............... ].._ iS+0()U -1.5£4÷000 ...............................................................

G_<'_U_-:S l)-C 4.o_3-001 -4.799-001

G h L+_Ut:.S__S -_L .................... .','.1. +_79_+ 000 ....... I. O72 .*.0.OO



:_'t>_............... _ ............................................. - 172 "_................................................... __ ...........
• .j

.........................................................................................................CODE MC962

.................................................T-R! SE ...........T.-.FALL ............T-OELAy, .... T-STgHE .......

...................................u.i_iIS ......r4s...................NS ..................NS ..................N.S_............

G_0UP F

NUF_F_R 0 0 0 0
I NJ,].I A L __NE_'4_N_................. (t, 000+_000 .......Oo.O00.÷O00.___,O.O00.kO00 ..... 0.000+0g0 ._

AVLF<,_GE CHANGE 0,000+000 O.O00+O00 0.000.000 0.000+000

................ Sl_U_ UF._ NIZA:'4 ......... -0,b.O0+000_ _-O.000+_000 -0.0.00÷.00-0- ---0.000+000 __
AVE I-'I'L14 CEN'[ CdA_',IGE 0,U00+000 0.O00÷000 0.000÷000 0.000+000
.IN. i[ E F',_ x L _E 51 I I,_AT.r_.L........... 0. U 00,000 .........O.. O.U0 *-000 ..... O..000_+..0-00 .... _O.._O0.0-÷00 0 ......

AS PER CENT O,OOO÷O00 O.O00+O00 0.000+000 0,,000+000

................ PEVL CE ,,ll _A _ E _CiIA::.,IGE......... (|,.O_O0÷ 000 ........ 0-.000+000 ...... 0.000,O00 ..... 0.000,000.

NU_,__. q 3 3 3 3
1!_!i_l. 1 I_L....F:LEA_!..................... 2.. 5 00 ,-00 O..........2.. 12 () ',..002. ....... 1.0 20 ÷-00.] ........ 2.513-.00 1........
A Vh RAGi--_ CHAI,!GE ?__,333+000 2.967+001 1,467÷000 -5.000-001

............... SI_!A__VF__I_]EAi>J............ 3.b(7÷000 ._ 1.420+-001 ..... 6.745-O01 .... 5.842,000_.
AVL F_ CENT CrlAi,_L-,E 3.2U9÷001 1.4]B÷001 1.450÷001 -1.860+000

........... I ['4.IE KV/:\L _hS.| I t_AI..E .......-6,B34+001.. _ ,116-001-. 9.647-001 ....-4.'(8(J+001_
AS PEH C6_[ 1.306+002 Z.758+001 2,779÷001 4.393+U01

................. P_t_t.L_.CE_',LT._AV_E_,CrIA_,4GI:_.... 3- 11-1 + 001 ..........l ,3.9-9 ÷ O01 ..... 1.-. 438 +001 .... ---1-. ,935 + 1")(I.0..........

........... _ _ OktU__s ......................................................................................................
_ NUi'_U_R 4 4 4 4

,.7, _- ............. I_ILTIAL_MEA-N ................... b.6-(5_+000 ..... 1-.913÷-002 - 9.525+000 ...... 2.480.001 -
AV tZF_AGE C H,__(3E 4._'00÷000 3.000+001 1.725+000 -5.300'.'000
S..Lu_ u E_ _'-EAN ........................ 1-, _17.I+.00 O..... _-. 1 I 0 +.000 ....... I. I-06...00..l .... I-. 17_0÷,0-00 ..............

_ AVE l'E_ CEf_T CHA'\i(_E 6.895+001 I 5(0÷001 1 815+001 -2.129+001
r'. Z " " "

....z ...............I__>!_IERV_AL._._LSI.[_ATK ........3, t-18+001......i ,_/3+.001 ......I_,651 *001 ....--2,787-÷001. -

AS PEH CEN'[ ]..,dgO÷00;" 1,865+001 1.971+001 -1.487+001
P-J_H__CE[_I:__AV6.__Ci'-tA,',_SE..... "(, t_4-1 * 00 1 _ --1. 569 ÷ 001 ..... 1. B 11-+ 001 .... -2.137-*-001 ......

NUF,u_R 3 3 3 3
I/'11T 1AL._t.iEAN ................ _.,.O 00.+0 00 ...... 1.9|30 +002 ._8. 933,(}00 ..... 2,363÷ 001- _-
AV_-H,_Gi CFIANG[ 2.500÷000 3.167÷001 1.233+000 -2.633+000

ST_U__UrL_N_A_'_..................2-,.3_ 4_-000 ....1•476 +001 ....6,042-- 00l ........5,559 ÷0 O0.......

AV_. _'ER CE_T C:H_._E 4._25÷001 1.684÷001 1.3714-001 -1.056÷001

/,_'tL_iI<V..&L.E.:LLI_LA_ILL___-_.'{,69.4-+-0.01__9.,036-0-0 I..--B ,-7--7-&---O02--------5,88-6-+..00-I.....

,_5 I>I:_ C_i,Jl 1.223÷002 3.243+001 2.752+001 3.657+001
.__P.E.,_._C..6.NI __AV._ __Cr:iANGE ..... 4.15Z +-0.01 .... 1. 667 ÷.00 ]. ..... 1,381--,"-001 .... ---1 • 1-14-+_001 - , -

E m_I_-b_'[.......................... 7.._4'-)8_- 00.1 .... 2 • 366-002 ..... 1 • 480-001 .... 8.9-.72- O01 ___

_I..-_IL.5_t

Gr(uUwS P-I; -I.711*000 -5,150÷000 -5._78÷000 2.239-001
............... GK_)U_b .P-5 ................-3.97'9+_000 _-0.013÷.000 __.-_7.9824"000 ....2.740*000_-

,o GHbbr_S V-C -i._33÷000 -5,497+000 -_ .942÷000 I, 179÷()']0

............GFiuOPS. D-S ............. -1.312÷000. -4.374-OO_ -.'(.B26-001- 1.525+000

_ G_Ub_-'S I)-C -8.6o, 0-0(;_ -2.455-001 6.612-001 6. t54-001
Gr{ IL_U_.S._..S-,_.C 1-• 219 _4._00 LI___- 2.1- LL7--.001- ...... l -, 4 _ 9_+0,0 O.... ---£,.O 2_ --0-0,l .......

$
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3
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CONCLUSIONS

The research described in this report has extended the knowledge

of the effects of space radiation on silicon integrated circuits including

MOS digital circuitry. The results should provide the space-systems design

engineer with expanded capabilities in selection of integrated circuits

for use in future space systems.

Several significant findings are warranted by the research results.

These are

(i) To reaffirm and extend a conclusion from last year's report.

The radiation resistance of present silicon integrated

circuits is determined by the stability of gain of the

transistor elements with respect to electron exposure and the

tolerance of circuit design with respect to changes in gain.

(2) For surface-sensitive devices and circuits operated at low

current and/or high impedance, surface damage can cause

sufficient leakage currents and/or gain degradation to result

in device failure.

(3) For MOS digital circuits and circuits with complimentary

transistor outputs, the Von e output level can decrease

sufficiently to cause failure of the device. As a result of

the way these devices are loaded, decreases in fan-out may

or may not effect the period of satisfactory operation in a

radiation environment.

(4) No excessive temporary changes occurred in the unbiased samples

during irradiation.
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(5) Amplifiers and MOS digital circuitry will be more sensitive

to the space radiation environment than will most digital

circuits.

(6) The circuits which appeared to be failing from surface damage

showed less degradation for the unbiased units than for the

biased units. However, the circuits which appeared to have

some damage due to bulk effects seem to show more degradation

for the nonenerglzed circuits than for the energized circuits.

The research also has raised several questions which remain unanswered

at this point. The problem of failures due apparently to surface damage is

a good example. If the early failures were caused by rate effects or surface

damage, it would be interesting to know which electron energies are most

deleterious.


